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The AJA publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
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Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusezts General Hospital, Boston, MA 02114. At the dis- 
cretion cf the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJA will be forwarded to the 
EditorialOffice of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJA or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review Galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The fcllowing guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles will be edited, however, to conform to the individual 
style of AJR. 


Genera! Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methcos. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail hew disease was confirmed and how subjectivity in 
observaiions was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are usec. do not duplicate tabular data in text, but do describe 
importart trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
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purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


—— Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

fica If appropriate, AJR Guidelines for case reports, tech- 
nical notes. pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

— The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 812 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

—- The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

__. Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

_____. Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 
—— Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

___.._... Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 








Title Page 


——— The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
Study, acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and Fax number are given. 

— Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 





. An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References 


_______ References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
wth a ses All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
______... Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Pees — Inclusive page numbers (e.g., 333-335) are given 
for all references. 

= e Journal names are abbreviated according to Index 
Medicus. 

OA Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or less; when seven or more authors, the first three 
are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et at. Membrane oxygenation: radiographic 
appearance. AJA 1986;146:1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Paper presented at a meeting 
4. Lau FS, Kirk AN. MR imaging of the spine. Presented at the annual 
meeting of the American Roentgen Ray Society, Washington, DC, April 1986 


Tables 


Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 

res _ Tables are numbered in the order in which they are 
cited in the text. 


_____ Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

et ei All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


__ Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 
figure number. 

Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Author's names are not written on the backs of 





figures. 

_____.. Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 
eae Images are uniform in size and magnification. 
Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 
Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

______ Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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All authors certify that they have made substantive and specific intellectual contributions to the article and assume public responsibility for its content. 
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l Case Reports 


A case report is a brief description of a special case that | 


provides a message that transcends the individual patient. 


Formai. There is no abstract. The introduction should | 


_ be a short paragraph giving the general background and | 
_ the specific interest of the case. No more than one case | 
_ should be described in detail (similar ones can be men- | 
_ tioned briefly in the discussion). Emphasis should be on | 
| the radioiogic aspects; clinical information must be limited 


to that necessary to provide a background for the radiol- 


; ogy. The discussion should be succinct and should focus _ 
_ on the specific message and relevance of radiologic meth- | 
_ ods. A review of the literature is not appropriate. 


Length. Maximum of five double-spaced, typewritten 


pages, including the references but not the title page or | 


_ figure legends. 


References. Maximum of eight. | 
Figures. Maximum of three or four, unless the text is l 


_ shortened accordingly. Legends must not repeat the text. 


| reports. 


"Pictorial Essays 


Tables and Acknowledgments. Not appropriate in case | 


A pictorial essay is an article that conveys its message | 
through illustrations and their legends. Unlike other AJR | 
articles, which are based on original research, pictorial _ 
essays Serve primarily as teaching tools, like exhibits ata 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. i 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or | 
figure legends. i 

References. Maximum of four. i 

Figures. Maximum of 30 figure parts. Number should be | 


| as few as necessary to convey the message of the paper. | 


Tables and Acknowledgments. Not appropriate in pic- | 


| torial essays. | 





_ Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 


articles dealing with controversial topics or issues of spe- | 
_ cial concern to radiologists. 


Format. include a title page but no abstract. Headings | 


| may be used to break up the text. | 


I 
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__Tables and Figures. Maximum of four. 


Length. Maximum of five double-spaced, typewritten | 


| pages. 


References. Maximum of five. | 


| Technical Notes 


technique or procedure, modification of a technique, or 
_ equipment of interest to radiologists. 


| quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods," “Results,” and 


| be included to give the general background. Discussion 
_ should be limited to the specific message, including the 
_ uses of the technique or equipment. Literature reviews 
_ and lengthy case reports are not appropriate. 


_ Pages, including the references but not the title page or 
| figure legends. 


A technical note is a brief description of a specific 
Format. No abstract, headings, or subheadings are re- 


“Discussion.” A brief one-paragraph introduction should 


Length. Maximum of five double-spaced, typewritten 


References. Maximum of eight. 
Figures. Maximum of two, unless the text is shortened ! 


| accordingly. 


Tables and Acknowledgments. Not appropriate in tech- | 


_ nical notes. | 
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| pages, including references. 


| Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten | 


References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 








| Computer Page Articles 


tical computer applications to radiology. 


Format. include a title page but no abstract. | 
Length. Maximum of eight double-spaced, typewritten | 
pages. 
References. Maximum of five. | 
Figures and Tables. Maximum of five. Computer print- | 


| 
Articies published on the computer page deal with prac- | 


| outs are not acceptable. Figures must be submitted as 5 | 
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ARRS Presidential Address 








A Time to Focus on Patients, Not Profit 


Ronald G. Evens’ 


| am very appreciative of 
the honor placed on the pres- 
ident of our society by 
its leaders and members. 
Standing here today, | am 
very aware of my distin- 
guished colleagues and 
friends in the audience before 
me and of the great radiolo- 
gists who previously held this 
position. With genuine humil- 
ity, | begin this year with the 
responsibility and challenge 
of a presidential address. 

Our most recent presidert, 
Lee F. Rogers, titled his pres- 
idential message “The Ascen- 
dancy of Radiology” [1]. Summarizing the exciting develop- 
ment of our specialty since 1895 and the growth of the 
Americar Roentgen Ray Society since 1900, he eloquently 
described the struggles required to make radiology a promi- 
nent mecical specialty and for American radiology to lead the 
world. Seggestions for action by President Rogers included 
a review of the need for subspecialty certification, a recogni- 
tion of tre importance of working with the political process, 
and constant vigilance to ensure that we do not become 
complacent. He summarized our current status as “the good 
times,” yet warned of clouds on the horizon. 

There nas never been a better time to be a radiologist. 
improvec technology and the efforts of academic radiologists 
and scientists have expanded our role in patient care. We 
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have more patients, more respect, and can be highly satisfied 
about our contributions in improving patient care. We are also 
reaping the benefits of this increasingly esteemed position. 
As an example, we have progressed from a time when it was 
difficult to recruit enough medical students into our specialty 
to today, when we have a large and growing proportion of 
the very best students applying for training. Yes, these are 
the good times, but there are clouds on the horizon and some 
clouds are already overhead. 

Charles Dickens began his novel A Tale of Two Cities with 
the famous phrase “It was the best of times, it was the worst 
of times.” To many organizations and individuals in the United 
States, these words were never more true than when dis- 
cussing medical care. Consider the following statements: 


1. What irony that today in the United States 
we have the best resources for medical care 
available in the world, yet millions of our 
citizens have no access to care or cannot 
afford it. 

2. Weare increasingly successful with diagnos- 
tic and treatment methods and our under- 
standing of disease processes is constantly 
improving, yet it is evident that many people 
are getting too many tests and too many 
medications. 

3. Individual physicians continue to be held in 
high esteem by their patients, yet the “pres- 
tige” rating of physicians by the public at 
large is lower than it has been in years. 
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4. Physicians have never been so financially 
well-off, yet there is growing evidence of 
fraud and abuse. 

Why is there so much concern in this era of medical good 
times? Why are we radiologists, and other physicians, seeing 
increasing concern from others about the way we handle our 
affairs? | suggest it is because of the dollar costs associated 
with modern medicine. It is more evident as time passes that 
we cannot afford all of the medical possibilities available. Even 
with such an important topic as health, more and more people 
are beginning to realize that the sky cannot be the limit. 
Medical technology began its rapid advance in the 1940s, and 
it was quickly apparent that most individuals could not afford 
to pay for medical care out-of-pocket. The concept of medical 
insurance programs developed, with much of the financial 
responsibility placed on employers and local governments. 
The medical budget soon outgrew these resources, and 
federal and state governments began to bear part of the 
financial burden in the 1950s. Now businesses and all gov- 
ernment agencies say they cannot afford the rising costs. 

Most business or service activities have a predictable pat- 
tern of growth. Initially with a new and important technology, 
the growth is rapid. Later one expects a time of slower and 
controlled growth as the technology matures, and finally a 
slow reduction in activity as public interest or need is satisfied 
or competing programs develop. This has not been the pat- 
tern for medicine in general, and radiology in particular, as 
constantly improving technology has fueled the public’s con- 
tinuing demand for our services. It now seems likely that 
financial limits will force a slowing of medical expansion. 

Arnold Reiman, editor of the New England Journal of Med- 
icine, recently sent a similar message to all medical profes- 
sionals [2]. He describes three important periods in modern 
medicine. The first, from the 1940s to the 1960s, was the 
period of technological growth and seemingly unlimited funds 
that he calls the “era of expansion.” The second phase is on- 
going and is the “revolt of the payers” or the “era of cost 
containment.” The third phase, the “era of assessment and 
accountability” is just beginning. Dr. Relman is convincing 
when he predicts that an increasing number of parties, soon 
to include many patients, will insist that medical professionals 
assess what they are doing and be accountable for the good 
and the bad. 

The major issue is cost, but the questions and complaints 
are about a variety of problems. Some costs are rising for 
obvious reasons, for example, the aging population, inflation, 
and the much improved medical resources available today. 
Our critics focus on other reasons for increasing costs. They 
point to waste and inefficiency, cases where we do more than 
is necessary to solve a patient's problem, and fraud and 
abuse. Experts disagree on how serious the problems are, 
but whatever their magnitude, the continuing rise in health 
care costs will force us to respond to these issues. The 
challenge is to maintain our specialty in the best possible 
position during the next several years of adjustment from a 
period of rapid growth to a time of slow growth and increasing 
demand for assessment. 

The title of this presidential address can serve as an overall 
guide for radiology's future. We should focus on patients and 
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not on profits. We physicians, including radiologists, have 
always been respected by our patients because we did not 
decide on our profession and the necessary long years of 
training in order to obtain high incomes; we became physi- 
cians to heal the sick. Suddenly, physicians have become 
part of a competitive and profit-oriented health care delivery 
system. Business training, an M.B.A. or a C.P.A., are not 
necessary to catch the entrepreneurial fever, there are plenty 
of businessmen and women who want to work with physi- 
cians for a price. Rather than trying to focus on profit making 
or profit taking, | firmly believe our best program for the future 
is to focus on what is best for our patients, as individuals and 
as a society. 

Many in the audience will be surprised by this message. 
With my background in medicine, economics, and business 
administration, much of my academic interest has been re- 
lated to the business aspects of our specialty. However, as 
with most radiologists, my decision to enter medicine and to 
become a radiologist was based on a desire to take care of 
patients. 


The Increasing Emphasis on Money, not Medicine 


An emphasis on money matters is relatively new to medi- 
cine. Radiology did not begin as a financially successful 
medical specialty. One of cur first radiology leaders, Robert 
Newell of San Francisco, was so highly respected that he 
was asked to dedicate the Mayo Memorial Building at the 
University of Minnesota in 1954 [3]. He used this opportunity 
to discuss his concerns about the increasing emphasis on 
dollars and titled his presentation “Mink Coats and Cadil- 
lacs—A Discourse on the Nutrition and Hygiene of the Soul.” 
The specialty of radiology went through difficult financial times 
in its early years, and it wasn’t until after World War Il that 
there was enough procedure volume and practice efficiency 
to become profitable. The increased volume and efficiency 
was due to technical improvements in film, X-ray tubes, and 
diagnostic equipment. The increased capacity of a radio- 
graphic room and the radiologist, plus an expanding health 
insurance program that was beginning to recognize reason- 
able charges for diagnostic procedures, placed radiologists 
among the higher paid physicians for the first time. Dr. Newell 
said, “The Cadillac and the mink coat are only symbols, 
emotional and | hope pointed, but only symbols. Let radiolo- 
gists choose instead the payoff that is uniquely available to 
doctors, namely, the satisfaction of bringing the best we have 
to the patient who entrusts his life to our learning and our 
skill." Dr. Newell also noted that other physicians were begin- 
ning to be interested in performing X-ray studies because of 
the possible financial gain. Has anything changed since 1954? 

it is bad news for patients when physicians focus exces- 
sively on the balance sheet and the income statement. Yet, it 
is hard not to focus on the financial bottom line when our 
hospitals and medical institutions are having difficulties. The 
daily newspaper regularly reports on reduced reimbursement, 
growing competition, and predictions about the closure of 
some hospitals. Even a few of the larger and most prestigious 
teaching hospitals are feeling the pinch. Many radiologists 
have already found difficulties with hospital and university 
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administrators who believe their professional future and sal- 
aries are dependent on short-term financial results. Of course, 
hospite's are not taking the competitive situation and financial 
pressures lightly. They have expanded entrepreneurial efforts, 
purchased physicians’ practices, offered free rent to referring 
physicians, agreed to some forms of reimbursement that 
border on kickbacks, and are tempted to let other physicians 
provide radiology services. It has become a standard hospital 
administration dictum [4] that radiology has become a cost 
center and is no longer a profit center, as if this makes the 
radiology department less important to the hospital. We need 
to remind ourselves and others that our specialty gained its 
position and prestige because we help patients, not because 
we mate a profit. We should emphasize our ability to serve 
patients with important diagnostic and therapeutic services in 
an expedient and cost-efficient manner, and not be required 
to make a profit for the hospital or other physicians. 


Radiolegy is a Patient-Care Specialty 


Anotner way to focus on patients is to emphasize that 
radiology is a patient-care specialty and radiologists are inter- 
ested and involved in patient care. The best example of 
radiologists as primary care physicians is radiation oncology. 
For many weeks, and sometimes years, the radiation oncol- 
ogist is the primary care physician or a key member of the 
physician team caring for the cancer patient. There are also 
a growing number of diagnostic procedures where radiolo- 
gists should serve the patient as a primary care physician. 
interveational procedures [5] and mammography [6] are ex- 
amples-where the radiologists can be a caring physician who 
is not enly a source of technology, but a source of expert 
advice. 

In this busy world of modern radiology, it is impossible for 
a radiologist to see every patient personally. Many patients 
do not need our direct intervention and advice but are best 
served by our sending a diagnostic report to the referring 
physician and our being available for consultation. Increasing 
pressure tc control costs will require radiologists sometimes 
to serve as consultants when a radiograph is being considered 
in order to determine whether the procedure is necessary or 
which cf several possible procedures is most cost-effective. 
Unfortunately, current payment mechanisms do not usually 
pay for a radiology consultation separate from a procedure. 
This.is.a difficulty that can be corrected by developing profes- 
sional radioiogy consulting charges and convincing third-party 
payers and patients that they are appropriate expenses. We 
radiologists will have more control of our future with a suc- 
cessful program to emphasize that we are clinicians and are 
interested in patient care. We do not want to be considered 
one of “the RAPS” (i.e., radiologists, anesthesiologists, and 
patholcgists), or hospital-based physicians, but should be 
associated with physicians who take care of patients directly. 


Ethical issues are Important 


As we emphasize our interest and desire to be involved in 
patient care, we should dedicate ourselves to the highest 
ethical:and moral values. | believe that Machiavelli was wrong 
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when he stated “The man who wishes to make a profession 
of goodness must necessarily come to grief in a world where 
so many are not good.” Some physicians, hospital adminis- 
trators, and other health care professionals seem to believe 
it is impossible to survive without compromising ethical stand- 
ards. | do not believe this is the case and urge radiologists to 
support and maintain high ethical principles. Sometimes ethi- 
cal principles seem hard to define and suggestions to change 
or compromise certain standards abound. In most cases, it is 
easy to define an ethical medical practice because it is what 
is best for the patient. Today there are several important 
medical controversies under consideration in which the final 
decision should be based on this fundamental principle: “what 
is best for the patient.” Of great current interest is the issue 
of “self-referral” where a referring physician becomes the 
provider of a service. The potential adverse results are un- 
necessary procedures, expense, and risk for the patient. 

When radiologists discuss “self-referral” we think of the use 
and abuse of obtaining radiographs, but the possibilities are 
endiess and potentially include any technology or service 
where physicians refer patients. A short list includes prescrip- 
tion drugs, laboratory tests, physical therapy, wellness cen- 
ters, psychological testing, EEGs, ECGs, and nursing homes. 
The potential problem did not begin with the recent organi- 
zation of imaging centers but is more commonly associated 
with radiographic and diagnostic laboratories in physicians’ 
offices. The risk to patients from self-referral is not limited to 
physician practice but can be a factor when hospitals own 
HMOs, PPOs, and nursing homes. Physicians are people who 
cannot be expected to be completely immune from financial 
temptation. Financial ownership in a laboratory or the direct 
provision of services by referring physicians that are not 
necessary for a physician’s practice will lead to medical 
misconduct in some instances. 

In taking a stand against self-referral and unnecessary 
physician ownership in health care facilities, we srould review 
potential problems in the practice of radiology. We have to 
consider carefully whether it is appropriate for the radiologist 
to decide which diagnostic procedure should ke delivered 
when a personal profit is the result. For example. is it ethical 
for a radiation oncologist to refer patients to a diagnostic 
radiology practice where the radiation therapist has a financial 
interest? The issues should be debated and the final decision 
be made in line with the ethical principle of what is best for 
the patient. Ethics should not be graded on a curve. An ethical 
“A” should always be a score of 100, not a score of 70 just 
because it is what others are doing. 

Business incentives in medicine are not in themselves 
unethical. Much of American society is based on commerce, 
and it is certainly appropriate for physicians to be rewarded 
and appropriately compensated for their efforts and expertise. 
The need for proper financial incentives and rewards does 
not justify recent suggestions that profit making is essential 
to medical care and the modern practice of medicine. The 
very special relationship between patients and physicians is 
based on the principle that a sick person is highly vulnerable 
to the possibility of exploitation. Our patients have to rely on 
the fundamental premise that the doctor's first interest is in 
serving the patient, not personal profit [7]. 
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A Radiologist Should be Involved in the Community 


Our patients are also members of the community. Radiol- 
ogy is a demanding specialty, and it is easy for us to become 
absorbed with our professional lives. We should not forget 
that radiologists are among the most highly educated mem- 
bers of American society and have a responsibility to contrib- 
ute to the community-at-large. My role model was Emmett J. 
Senn, a general practitioner in the small community of Her- 
culaneum, MO. He was not only the good doctor who deliv- 
ered me and took care of my family, but he was also the 
president of the public school board and a member and a 
leader in the Lions Club. He spent considerable time as a 
reviewer for the first-aid Boy Scout merit badge and regularly 
performed physical examinations for volunteer organizations 
at no charge. 

Radiologists should be encouraged to serve others and 
should be recognized when they serve important roles in the 
community. There are many possibilities for service—scout- 
ing, church or synagogue, Red Cross, service clubs, school 
boards, politics, medical organizations, and so on. Radiolo- 
gists who take the time to be citizen leaders will benefit our 
specialty. 


Conclusions 


This presidential address encourages our specialty and its 
members to focus on patients, not profit. There are four 
suggested areas for further consideration, discussion, debate, 
and action. 

First, we should recognize the increasing emphasis on 
money, not medicine, by health care providers. We should try 
to change this emphasis. Fortunately, most programs and 
practices in radiology are based on benefit for the patient. We 
should be more careful in recognizing the inherent difficulties 
of our specialty to always “do more” with the current emphasis 
in technology development. Our specialty should insist on a 
thorough evaluation of new technology to be certain that it 
will result in better patient care, not higher fees. 

Second, we should emphasize that radiology is a patient- 
care specialty. We should encourage more contact between 
radiologists and patients and spend more time in consultation 
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with referring physicians. We should develop a reasonable 
charge for consultation that is not associated with a procedure 
or treatment. 

Third, we should promote and practice the highest of ethical 
standards. Our standard for ethics should be based on the 
principle of what is best for the patient. If there is confusion 
or ambiguity about ethics, we need to restate them and be 
clear about what we believe and what we do. We should not 
agree to participate in programs where economic abuse is 
likely. Ethics should not be graded on a curve. 

Fourth, radiologists should play a service role in the com- 
munity. We should encourage the members of our speciaity 
to volunteer their time for medical and community programs. 

Medicine and radiology are businesses but, more impor- 
tantly, they are professions. Sound business practices and 
systems should serve a primary goal of providing better care 
to patients, not making a profit. Improving the financial posi- 
tion of a health care practice is an achievement when it 
improves patient care. 

The specialty of radiology is on the high road, and we have 
never been more blessed with resources and people. We 
should acknowledge the public’s demand for assessment and 
accountability, and our standard for evaluation should be what 
is best for the patient. With quality people, quality technology, 
and a goal of helping our patients, we can look at the next 
era as a challenge to find new ways of contributing to the 
community. It is not a time to rest on our achievements. The 
American Roentgen Ray Society and its members can be 
leaders, not followers. 
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Eugene W. Caldwell Lecture 





Health Care Choices for the Nineties 


Senator Bill Bradley’ 


We have made great 
strides in the United States 
health care system over 
the last several decades. 
More Americans think about 
health. More Americans than 
ever before think about well- 
ness. More Americans than 
ever before are interested in 
medicine. Medical science it- 
self has made enormous 
strides in the past few dec- 
ades, as the fruits of research 
have manifested themselves 
in dramatically improved med- 
ical technology. 

The human results are striking. In 1900, life expectancy at 
birth for the average American was 47 years. In 1985, it was 
75 years. From just 1950, it had improved from 68 years to 
75 years. Clearly Americans live longer, but health care costs 
continue to climb, now accounting for 11% of our gross 
national product, almost double the level of two decades ago, 
amounting to nearly $550 billion annually. The per capita 
health expenditures in America have gone from approximately 
$300 in 1970 to about $450 in 1986, and that is in constant 
dollars. So we are spending more than any other country on 
health care, yet we cannot provide even basic primary care 
to ail of our citizens. There are 37 million Americans today 
who have no health insurance at all and many more who are 
inadequately covered. 

We have been talking about the problems in United States 
health care for a number of years, but we have not success- 








fully resolved them. If anything, the magnitude of some of the 
problems has grown. But before focusing on the problems, 
let me try to put them in perspective. 

| just got back from a trip to the Soviet Union. Since 1985, 
| have led a task force on the Intelligence Committee that has 
looked at the Soviet Union and what is happening with Mr. 
Gorbachev and the future course that country might take. On 
this trip to the Soviet Union, | paid particular attention to the 
health care system. | visited the health minister, a cardiologist 
named Chazov, and | visited many other sites of interest 
related to health care. In short, the quality and availability of 
health care in the Soviet Union is appalling. The infant and 
adult mortality rates are rising. In some places in central Asia, 
the infant mortality rate is as high as 60-70 per thousand, 
and the life expectancy for males in the area around the Aral 
Sea is 38 years. Thirteen percent of all deaths in the Soviet 
Union are due to bad water. Out of a pharmacologic list of a 
thousand drugs, the average Soviet pharmacy can provide 
about 80, maybe 90—on a rare day, 100. Syringes and 
catheters are frequently used over and over again. In fact, 
the first AIDS crisis that was admitted by the Soviet Union 
came from one AIDS-infected needle being used on 15 chil- 
dren. 

Clearly the elite in the Soviet Union have a pretty good 
health care system. But the workers do not get much at all. 
Hospitals are overcrowded, nurses are virtually nonexistent, 
and doctors are not available. The average patient hospital 
expenditure including drugs and food is $5.60 a day. So when 
we talk about health care in America and the problems we 
confront, let us make sure that you know, that | know, that 
everything is relative. In addition to the persistence of prob- 
lems in the United States health care system, | really do not 
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want you to believe that by talking about the problems, | do 
not recognize the sizeable strides and the quality that exists 
in Our country’s health care system today. 

But, the fact of the matter is, our health care system is not 
static. It changes. Because of escalating costs and the Rea- 
gan administration's emphasis on competition, we have wit- 
nessed a dramatic transformation of our health care system 
during the 1980s. First, we now have an increasing number 
of alternative delivery systems, including health maintenance 
organizations (HMOs), individual practice associations, and 
preferred provider organizations. Second, employers have 
restructured their health benefit plans to promote more cost- 
conscious behavior on the part of the employee. In other 
words, employees are required to pay more out-of-pocket for 
the health care services they receive. The employers also 
provide more options, such as HMOs. Third, a prudent-buyer 
approach to financing has led payers of health care, including 
Medicare, Medicaid, and private insurers, to price some health 
care services prospectively. For example, diagnosis-related 
groups create incentives to minimize costs because no matter 
how much care is provided for treatment of certain conditions, 
the reimbursement amount will be the same. 

It is argued by some that these changes have helped 
contain health care costs. But, when you look at the health 
care system as a whole, rather than keeping costs down, 
many of these changes seem to be effectively shifting the 
cost burden to either different payers, such as consumers, or 
to different health care sectors, such as outpatient depart- 
ments. These changes also expose the hidden subsidies of 
the reimbursement system. As a result, it is now much more 
difficult for the uninsured, a population that grew substantially 
in the early 1980s, to receive any free care. The number of 
uninsured grew by nearly 20% in the 1980s, because of 
increased competition, the recession, and the administration’s 
attack on welfare programs. How is that so? Well, when 
welfare for the working poor was cut back, about a million 
working people lost their health insurance coverage because 
of the link between welfare and Medicaid. 

As we have experienced it so far, the competitive approach 
to health care has not controlled costs. Medical prices con- 
tinue to soar at a rate comparable to that during the inflation- 
ary 1970s. In the eighties, for example, prices went up 101%. 
As we have experienced it, a competitive approach, as | said, 
has not controlled costs. In addition, the competitive approach 
has made it increasingly unattractive for health care providers 
to provide care not only to the uninsured but also to poor 
peopie on Medicaid. For example, many providers seem to 
be saying that they cannot take all the Medicaid patients 
because reimbursement rates are not high enough. 

The transformation in the health care environment has had 
another troubling impact, and all of you known this very well. 
Physicians’ incomes have become greatly constrained and 
many physicians increasingly and more obviously have yielded 
to the profit motive in health care and have established or 
invested in various health care business arrangements, typi- 
cally in the form of joint ventures or limited partnerships. 
Although some of these arrangements may indeed increase 
the quality of, and access to, health care services as a whole, 
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we cannot let these arrangements represent the norm in 
health care delivery. 

Several studies have examined the pattern of patient refer- 
rals to these facilities, and frankly, between you and me, the 
findings are dismaying. One study found that patients of 
referring physicians known to be owners or investors in a 
clinical laboratory received on average 45% more clinical 
laboratory services than all Medicare patients in general. In 
an era of uncontrollable cost growth, we simply cannot afford 
to let this kind of abuse and overutilization continue. But as 
you know, that is only part of the problem. Health care is not 
a good that can be bought and sold as any other good in the 
competitive free market. The health care market is fraught 
with perverse incentives leading to conflicts of interest that 
undermine the doctor-patient relationship and the doctor's 
commitment to keeping the interest of the patient above all 
else. 

Here, | would simply like to read from the American College 
of Physicians Ethics Manual. It states the following: 


In the case of personal conflicts the moral edict 
is clear. The physician must avoid any personal 
commercial conflict of interest that might compro- 
mise his loyalty and the treatment of the patient. 
Collusion with nursing homes, pharmacists or 
colleagues for personal financial gain is morally 
reprehensible. 


That is the ethics manual of the American College of Physi- 
cians. Congressman Pete Stark has introduced the Ethics in 
Patient Referrals Acts. The bill, as many of you know, would 
prohibit physicians from referring patients to facilities in which 
the doctor has an ownership interest or receives a payment 
for referrals. | think that this bill merits close scrutiny, and | 
would urge you to make your views known and improve the 
bill if you disagree with its present form. 

Another major reform on the horizon is physician payment 
under Medicare. Congress is now looking at fee schedules 
based on the principle of ranking payments for physician 
service according to the financial, physical, and mental re- 
sources expended by physicians when caring for a patient. 
At the luncheon with the former American Roentgen Ray 
Society presidents today, we had a very interesting set of 
discussions about that subject. If enacted, this type of relative 
value scale, if it works right, would substantially increase 
payment for primary care services and decrease payment for 
surgery and other invasive procedures. Physicians would be 
more fairly reimbursed for taking the time to evaluate and 
counsel patients, and they would have less incentive to use 
high-cost medical technology inappropriately. 

An emphasis on relative value and a relative-value-scale 
system might bring long overdue and needed change, not 
only because it could promote greater pay equity among 
physicians, but because it would better recognize the neces- 
sity of primary and preventive health care. In other words, we 
would be reinvesting in what should be, and perhaps at one 
time was, the foundation of health care delivery. But this is 
another subject that requires your involvement and | know 
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that you, more than most societies, have been directly in- 
vowed in the last year in devising your own relative-value 
system. 

But enacting major reforms of the system aimed at con- 
trailing costs, providing health care coverage to the uninsured, 
and shifting the focus of our health care systems is going to 
be:a long and difficult process. We have to decide now how 
we as a society can provide health care that is equitable for 
both patients and providers, and above all is of high quality. 

Walter Lippmann once said, “A rational man acting in the 
real world may be defined as one who decides where he will 
strike a balance between what he desires and what can be 
dose. It is only in imaginary worlds that we can do whatever 
we wish.” So how do we act rationally, and what balance are 
we striving to achieve? | clearly do not know all the answers, 
but | do have a few ideas that, given the onerous budget 
constraints, | believe make some sense. 

In other words, in a world where the menu is large and the 
resources are small, where would | put some dollars? | have 
mentioned my support for paying for more primary care 
services under Medicare. | believe, to the extent possible, we 
need to invest in prevention and early detection. The coverage 
of immunizations and mammography screening under Medi- 
care represent first steps in overcoming our health care 
system’s almost sole focus on curative medicine. This cov- 
erage is important for the elderly and the disabled but it is 
absolutely critical for children and pregnant women. In no 
other type of service and in no other population could we 
better invest scarce resources than in preventive care and 
earty detection for children and pregnant women. And if we 
do not have the resources to help all 37 million Americans 
who are uninsured, then our highest priority, | believe, should 
be our children, 

Because of the number of uninsured, because of poverty, 
drug abuse, and teenage births, infant mortality and morbidity 
are‘horrendous problems in this country. From 1965 to 1982, 
the annual rate of infant mortality in the United States was 
cutin half, from 24 per thousand to 12 per thousand, but it 
was dropping even faster and further in other industrial coun- 
tries, so that now the United States rate of infant mortality 
ranks about 18th on a list of 20 industrialized countries. 
Number one on the list, Japan, ranked first with an infant 
death rate that is half the infant death rate in the United 
Staies. 

Each year in America 40,000 infants die and 385,000 other 
infants survive with serious health problems. The cost of 
caring for these kids in neonatal intensive care units is astro- 
norical: hundreds of thousands of dollars per child in some 
cases and over two billion dollars annually, not to mention the 
cosi of human suffering. And the fact of the matter is that we 
car: prevent many of these deaths and illnesses. We know 
that lack of prenatal care is strongly associated with the birth 
of lew-birth-weight babies and we know that infant mortality 
and morbidity are strongly associated with low-birth-weight 
babies. Therefore we know that prenatal care is an effective 
and:cost-effective preventive tool. Immunizations, screening, 
andscheck-ups for young children are also critical for prevent- 
ing diness and giving children the benefit of optimal growth 
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and development. So, in terms of rational choices in a real 
world, a real world with giant budget deficits and limited 
resources, | think it makes sense to invest in expanding 
access to prenatal care for pregnant women as well as 
primary services for children. 

A few years ago, | wrote an article for Women’s Day 
magazine about the problems of infant mortality. That was at 
a time when | thought the problem was primarily financial. | 
wrote the article and thought the answer to the problem was 
at least allowing Medicaid to cover prenatal care up to the 
level of poverty. In some states in this country, if you made 
more that 30% of poverty and you were a woman, you got 
no prenatal care covered by Medicaid. | wrote the article, one 
article, and | got 7,000 letters from women all across this 
country and their story was the same by and large, and that 
was: “I was pregnant. | didn't have any health insurance. | 
was making too much to qualify for Medicaid but | didn’t have 
any coverage at work and therefore when | couldn't go to the 
doctor and have it paid, | didn’t go to the doctor. | had a low- 
birth-weight baby and the baby died or the baby was in 
serious straits and remains so.” Story after story. Well, Henry 
Waxman and | went to work, we expanded Medicaid eligibility 
for pregnant women and infants. First for pregnant women 
with incomes up to 100% of poverty and this year, we hope 
to raise it to 185% of poverty, so that we can get over the 
financial hurdle in ensuring access to prenatal care for women 
who are poor and near-poor. 

| am a member of the National Commission to Prevent 
Infant Mortality, and this year we have tried to address the 
problem of nonfinancial barriers to receiving prenatal care, 
such as lack of information or poor coordination among 
health- and nutrition-related programs. Our proposals include 
some greatly needed services such as maternal and pediatric 
health handbooks for all pregnant women and new families, 
which exist in almost every other country in the world, and 
home-visiting programs for high-risk pregnant women and 
new mothers. 

So, in the grand scheme of health care, the infant mortality 
initiatives may seem small and incremental. But | think these 
steps are solid and important. And in the face of severely 
limited health care dollars, | think investing in pregnant women 
and children is the right choice to make, and I hope you agree. 

Our American society has created great economic pros- 
perity, and a health care system equipped with the best and 
most modern technology, but we seem in some cases to 
neglect the basics in order to allow income to select quality 
of care. And we have responded more to the health needs of 
the elderly than to the health needs of the young. The chal- 
lenge for the so-called medical-industrial complex, and for its 
government partner, is to devise a more humane, cost-effec- 
tive and personal health care system, while at the same time 
to continue our technological advance. It will not be an easy 
task, but it will dominate the policy debate of the next decade 
anc will shape the work that both you and I do. As Dr. Ronald 
Evens said in his presidential speech, he hopes that this 
society and its members—not only hopes, but he said that 
you must be a leader in this debate and a leader who never 
loses sight of the goal, which is helping patients. 
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AMERICAN JOURNAL OF ROENTGENOLOGY 
coerce enn eet 


MELVIN M. FIGLEY FELLOWSHIP IN RADIOLOGY JOURNALISM 


The American Roentgen Ray Society announces a one-month fellowship in radiology 
journalism in the La Jolla editorial office of the AJR. Board-certified radiologists with 
special academic promise are invited to apply. 


PURPOSE The purpose of the fellowship is (1) to stimulate 
bright young radiologists to continue with an aca- 
demic career, to accelerate their progress, and to 
stimulate their interest in good radiology journal- 
ism, and (2) to improve the quality of radiology 
journals by teaching the fundamentals of medical 
journalism to academicians, training manuscript 
reviewers and future editors, and providing core 
teachers of medical journalism in radiology de- 
partments around the country. 


CURRICULUM The fellow will be taught the fundamentals of 
medical writing, manuscript preparation, peer 
review, manuscript editing, the ethics of scientific 
journalism, and journal publication and printing in 
personal tutorials given by the AJR editors and 
editorial staff through hands-on experience in the 
editorial office. He or she will visit Williams & 
Wilkins in Baltimore to observe the publication 
and printing process. 


STIPEND The successful candidate will be awarded $10,000, 
which includes the cost of travel to La Jolla and 
Baltimore, living expenses for the month, and an 
honorarium. 


APPLICATIONS Candidates should apply in writing to Robert N. 
Berk, M.D., Editor-in-Chief, AJR Editorial Office, 
2223 Avenida de la Playa, Suite 200, La Jolla, CA 
92037. The letter must include a curriculum vitae 
and a description of the candidate's goals during 
the fellowship. Letters of recommendation from 
his or her department chairman and one other 
senior person are required. Deadline for receipt 
of applications is Nov. 1, 1989. The successful 
candidate will be notified Dec. 1, 1989, and may 
choose one of the following months for the fellow- 
ship training: Jan., Feb., March, April 1990. 
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Review Article 








Interventional Neuroradiology 





Van V. Halbach,’ Randall T. Higashida, and Grant B. Hieshima 


Interventional neuroradiology has emerged as a relatively 
new subspecialty. In the past decade the development of 
small rucrocatheters and balloons has permitted access to a 
wide variety of neurovascular pathology. Some of the dis- 
eases im which this specialty is particularly beneficial are 
discussed in this review. 


Direct Carotid-Cavernous Fistulas 


Direct carotid-cavernous fistulas are acquired connections 
betweer the cavernous internal carotid artery and the cavern- 
ous sinus and most often are the result of blunt trauma 
associated with a basal skull fracture [1]. Other less common 
causes.are penetrating injuries, collagen-deficiency diseases, 
rupturec intracavernous aneurysms, arterial dissections, fi- 
bromuseular dysplasia, and iatrogenic injuries [2]. The most 
commor presenting symptoms are pulse synchronous bruit, 
proptosis, cnemosis, headaches, and cranial-nerve palsies. 
Less commonly these patients can have epistaxis, otorrhagia, 
intracerebral hemorrhage, dementia, hydrocephalus, stroke, 
visual loss, and blindness [3]. The angiographic features that 
are associated with a poorer prognosis are the presence of a 
dilated cavernous sinus varix, cortical venous drainage into 
the intracerebral veins away from the cavernous sinus, the 
presence of a pseudoaneurysm, and obstruction of the ante- 
rior superior ophthalmic vein [3]. The earliest treatments 
consisted of surgically occluding the proximal carotid artery 
or perfoaning a trapping procedure with carotid ligation and 
clipping. of the supraclinoid carotid artery [4, 5]. Because the 


ophthalmic artery arose from the trapped segment, where 
perfusion pressure is greatly reduced after trapping, and 
because external to internal collaterals were present within 
the trapped segment, these patients invariably lost vision 
after the trapping procedures and often the fistula would 
remain patent [6]. The development of detachable balloon 
systems by Serbinenko [7] and Debrun et al. [8] has yielded 
a technique in which the carotid-cavernous fistula can be 
occluded with preservation of the parent artery. Figure 1 is 
an example of a carotid-cavernous fistula due to trauma 
treated by transarterial balloon techniques. Several large se- 
ries have demonstrated the effectiveness of the transarterial 
route for closure of the majority of direct carotid-cavernous 
fistulas [9-11]. Rarely the transarterial route is unsuccessful 
because of inaccessibility, previous carotid ligations or dis- 
sections, or a fistula orifice too small to allow placement of a 
detachable balloon in the cavernous sinus. Retrograde cath- 
eterization of the draining venous pathways through the 
inferior petrosal sinus or the superior ophthalmic vein can 
permit access to the fistula site and allow closure of the fistula 
by placement of balloons, coils, liquid adhesives, or combi- 
nations of these [9, 12]. With smaller fistulas, compression of 
the involved carotid artery and jugular vein has been shown 
to be an effective treatment by reducing the arterial inflow, 
increasing the venous pressure, and promoting thrombosis 
within the fistula [13]. Our own experience with endovascular 
treatment of over 200 symptomatic carotid-cavernous fistulas 
has resulted in complete closure of the fistula in 99% and 
preservation of the parent artery in 88% of cases with a 
complication rate of 4.9%, primarily for strokes or sympto- 
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matic pseudoaneurysm formation [11]. Endovascular tech- 
niques have emerged as the primary definitive treatment of 
symptomatic carotid-cavernous fistulas, with acceptably low 
morbidity and mortality rates in experienced hands [9-11]. 


Vertebral Artery Fistulas 


Vertebral artery fistulas are solitary connections between 
the vertebral artery and surrounding paravertebral veins and 
most often are the result of penetrating injury [14, 15]. Less 
often these fistulas are congenital; the result of blunt trauma 
[16]; or associated with neurofibromatosis [17], fibromuscular 
dysplasia [18], or collagen-deficiency diseases. The signs and 
symptoms resulting from vertebral artery fistulas are usually 
bruit and neck pain but can be brain or spinal cord dysfunction 
[19], subarachnoid hemorrhage, external hemorrhage, ex- 
panding hematomas, distal embolic events, and airway ob- 
struction [20]. The earliest treatments for this disease con- 
sisted of surgical occlusions of the proximal vertebral artery 
or trapping procedures, which could aggravate symptoms 
and rarely resulted in fistula closure [14]. Although direct 
surgical exposure and repair of the vertebral artery has been 
described, it can be complicated by proximity to surrounding 
arterialized veins and adjacent critical structures. Newer en- 
dovascular techniques have included treatment with coils and 
detachable balloons [21-23]. Figure 2 shows a 33-year-old 
woman with right pulsatile tinnitus treated successfully by 
detachable balloon therapy. Patients with fistulas of long 
duration can develop tremendous vascular steal from the 
intracranial vessels into the fistula. The vascular territories 
supplied by these intracranial vessels can become ischemic 
and lose their ability to autoreguiate cerebral blood flow. 
Following abrupt closure of the fistula, a relative overperfusion 
can occur in the ischemic vascular territory that can result in 
neurologic dysfunction or hemorrhage [24-26]. The closure 
of these fistulas should be performed in an awake patient, 
with careful observation for these signs and symptoms; if 
observed, staged or gradual occlusion can result in complete 
fistula obliteration without devastating complications. 

In patients with complete transection of the vertebral artery, 
trapping of the fistula segment with balloons is often required 
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Fig. 1.—17-year-old man who sustained a 
basal skull fracture during a motor vehicle acci- 
dent ard developed rapidly progressive propto- 
sis, chemosis, and visual loss in the right eye. 

A, Right internal carotid angicgram, lateral 
projection, shows a carotid-cavernous fistula as- 
sociated with a large cavernous sinus varix with 
drainage to the superior ophthalmic vein (curved 
arrow) and cortical venous drainage (straight 
arrow). 

B, Right internal carotid angiogram, lateral 
projection, shows complete closure of fistula 
with preservation of parent artery after balloon 
embolization. 


to achieve complete closure of the fistula. Because of retro- 
grade flow in the distal vertebral artery above the transection, 
occlusion of the parent artery is always tolerated [23]. Several 
series have reported excellent results with endovascular treat- 
ment of vertebral artery fistulas, with low morbidities and no 
mortality [11, 21-23, 25]. In our series of 35 patients, the 
complete cure rate was 100% with only one complication 
(mild stroke). This technique has emerged as the definitive 
procedure in patients with symptomatic vertebral fistulas. 


Vein of Galen Malformations 


Vein of Galen malformations are congenital connections 
between intracerebral vessels and the vein of Galen or the 
adjacent midline middie cerebral vein. The arterial supply 
usually is from the thalamoperforator vessels, pericallosal 
branches of the anterior cerebral arteries, and anterior and 
posterior choroidal vessels, and rarely may include the supe- 
rior cerebellar and middle cerebral arteries [27, 28]. These 
connections can be large direct fistulas or smaller, more 
numerous connections. The clinical presentation can be clas- 
sified into three distinct groups: the neonate who has intrac- 
table congestive heart failure at birth, the infant who develops 
hydrocephalus and seizures, and the older child with hemor- 
rhage [29]. The vast majority of patients fall into the first 
category, which has the largest degree of arteriovenous 
shunting and the poorest prognosis; it is nearly always fatal 
unless treatment is instituted [30, 31]. Medical treatment 
alone rarely is able to control the heart failure, although it is a 
useful adjunct [31]. Prior to endovascular interventional tech- 
niques, the initial treatment of this complicated disease in- 
cluded surgical ligation of the anomalous connections; how- 
ever, the results of surgical ligation have been disappointing. 
A recent review of 60 neonates treated by surgical ligation of 
the feeding vessels revealed only six survivors, three of whom 
were neurologically intact [31]. Endovascular treatment has 
emerged as an effective initial treatment in patients who 
require therapy [32-34]. These endovascular treatments fall 
into three distinct categories: free-particle embolization; su- 
perselective catheterization and embolization of the connec- 
tions with liquid adhesives, particles, platinum coils, or silk 
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sutures; and transvenous embolization with coils and bal- 
loons. The venous approach can be performed through a 
small craniotomy made over the torcular Herophili, with direct 
catheterization of the vein of Galen through the straight sinus 
or falcine sinus [33, 34], or through transvenous catheteriza- 
tion of tre vein of Galen from a transfemoral route [35]. Figure 
3A is a carotid angiogram of a neonate with severe congestive 
heart failure. After several staged arterial and venous embo- 
lizations the fistula was almost completely obliterated (Fig. 
3B). Although some of these procedures do not result in 
compiete cure of the arteriovenous connections, the flow is 
markedly reduced, allowing the neonate to develop to a point 
where a more definitive treatment can be performed. The 
complication rate reported with these techniques is approxi- 
mately 15-20%; complications consist of infarction of deep 
structures from errant emboli, uncontrolled cardiac failure 
from migration of emboli to the lungs producing massive 
pulmonary embolism, and hemorrhage [32-35]. Endovascular 
techniques have emerged as excellent primary or adjunctive 
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Fig. 2.—-23-year-old woman with right ear tinnitus and headaches. 
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techniques for the treatment of symptomatic vein of Galen 
malformations. 


Cerebral Aneurysms 


The vast majority of symptomatic intracerebral aneurysms 
can be managed by surgical procedures, usually clipping of 
the aneurysm with preservation of the parent vessel. How- 
ever, in some patients either surgical clipping fails or, because 
of the aneurysm’s size or location or the patient’s underlying 
Clinical condition, the patient is not a surgical candidate. 
Several series have shown that it is technically possible to 
treat intracranial aneurysms with detachable balloon therapy 
[386-40]. Some of these showed the usefulness of proximal 
occlusion or trapping with detachable balloons, thus eliminat- 
ing the aneurysm and the parent vessel [38, 40]. More 
recently, several series have reported the effectiveness of 
placing a balloon within the aneurysm, excluding it from the 
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A, Tt-weighted axial MR image (TR = 739 msec, TE = 39 msec) through the foramen magnum shows area of abnormal signal void to the right of the 


spinal cord. 


B, Right wertebral injection, lateral projection, shows vertebral fistula at C1 level with drainage to paravertebral veins and epidural venous piexus. 
C, Same injection and projection 1 month after balloon embolization reveals complete closure of vertebral fistula and preservation of parent artery. 


Fig. 3.—Neonate with severe intractable 
congestive beart failure. 

A, Right common carotid angiogram, lateral 
projection, en day 10 shows multiple fistulas 
arising fromaateral posterior choroidal, anterior 
choroidal, and pericallosal arteries supplying 
vein of Gales malformation. 

B, Right internal carotid angiogram, lateral 
projection, Z years after arterial particulate and 
transvenous:coil embolization shows marked di- 
minished flow in the malformation. The patient 
remains developmentally normal. 
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circulation and preserving the parent vessel [37, 41-47]. 
Figure 4 shows a 27-year-old woman with a symptomatic 
carotid-ophthalmic aneurysm in whom surgical clipping failed 
but transvascular embolization techniques were successful. 

Figure 5 shows a 37-year-old woman who had diplopia and 
headaches caused by a basilar tip aneurysm. A single silicone 
balloon was placed into the aneurysm resulting in complete 
obliteration of the aneurysm (Fig. 5B). 

Most of these procedures are performed under local anes- 
thesia with IV sedation allowing continuous neurologic moni- 
toring. If the aneurysm has fresh intraaneurysmal thrombus 
or the absence of a definable neck, then parent artery occlu- 
sion is performed if tolerated. If the aneurysm has a defined 
neck and no recent intraaneurysmal thrombus, then a balloon 
can be navigated into the aneurysm in the majority of cases. 
To ensure continued inflation and obliteration of the aneu- 
rysm, the contents of the balloon are commonly solidified with 
2-hydroxyethyl methacrylate [47] or a silicone polymer [37]. 
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In our experience with over 200 aneurysms treated by 
detachable balloon therapy, the parent artery was preserved 
in 40% of the cases. The remaining patients had either the 
absence of a well-defined neck, the presence of intraaneurys- 
mal thrombus, or technical factors preventing placement of 
the balloon in the aneurysm. Aneurysms that nave been 
treated by balloon embolization include petrous and cavern- 
ous-carotid aneurysms [44-46]; those in the carotid- 
ophthalmic [42], posterior communicating, and anterior com- 
municating regions; middle cerebral artery aneurysms, those 
of posterior inferior cerebral artery origin; and vertebral artery, 
basilar artery, posterior inferior cerebral artery, and distal 
posterior cerebral artery aneurysms [43-47]. At our institution 
we reserve detachable balloon therapy for treatment of intra- 
cranial aneurysms in which neurosurgical clipping has failed, 
in patients who are not surgical candidates, or in which the 
projected risks of surgical clipping are excessively high. Our 
complications in these procedures include 6.7% transient 
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Fig. 4.—27-year-old woman with headaches caused by a carotid-ophthalmic aneurysm in which surgical clipping failed 6 years before balloon therapy. 
A, Left internal carotid angiogram, lateral projection, shows large carotid-ophthaimic aneurysm. 
B, Same injection and projection immediately after placement of a single silicone balloon within aneurysm lumen. Note residual filling between balloon 


and aneurysm wall. 


C, Same injection and projection at 6-month follow-up shows obliteration of aneurysm. 





Fig. 5.—37-year-old woman with diplopia and 
headaches caused by a basilar tip aneurysm that 
could not be clipped surgically. 

A, Left vertebral artery injection, Towne’s pro- 
jection, reveals basilar tip aneurysm extending 
superiorly into cerebral peduncles. 

B, Same injection and projection after embo- 
lization with a single silicone balicon shows com- 
plete aneurysm obliteration and preservation of 
posterior cerebrai arteries. 
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ischemic deficits, 9.3% strokes, and 4.0% hemorrhages, 
which have resulted in a permanent morbidity rate of 9.3% 
and a martality rate of 5.6%. Romodanov and Shcheglov [37] 
have reported impressive results in a large series of aneu- 
rysms treated by balloon embolization techniques, many of 
which weuid be considered surgically clippable aneurysms. 

Despite the impressive initial results with detachable bal- 
loon embolization therapy of intracranial aneurysms, the cur- 
rent surgical management of this disease is outstanding. 
Therefore, we believe that surgical exploration should be 
performed in symptomatic intracranial aneurysms whenever 
clipping is possible, given a reasonable risk of morbidity and 
mortality. Balloon embolization procedures should be re- 
served fcr patients in whom this established technique has 
failed or n whom surgical risks are unacceptable. Whether 
advances in balloon technology, delivery systems, and in- 
creased aperator experience will produce balloon emboliza- 
tion results that surpass surgical procedures is purely spec- 
ulative. 


Vasospasm After Subarachnoid Hemorrhage 


Symptematic vasospasm after aneurysmal subarachnoid 
hemorrhage remains the major cause of delayed morbidity 
and mortaity in patients who survive the initial hemorrhage. 
Despite a slethora of various pharmacologic agents and the 
use of volume expansion and induced hypertension, many 
patients centinue to experience considerable morbidity and 
mortality from this disease. Several reports have demon- 
strated the efficacy of transluminal angioplasty to improve or 
alleviate symptoms associated with vasospasm [48, 49]. 
Figure 6 snows a 61-year-old man in whom a coma state 
requiring intubation developed 1 week after a subarachnoid 
hemorrhage. Following transluminal angioplasty, an immedi- 
ate improvement was seen in his neurologic state. Our ex- 
perience with 13 patients has shown that the angioplastied 
segments remain dilated unless hemorrhage recurs [49]. 
Often dramatic clinical improvement occurs shortly after an- 
gioplasty o! severe spasm. Angioplasty can be performed in 
patients with an unclipped aneurysm; however, increased 


Fig. 6.—6*-year-old man who presented with 
a subarachnead hemorrhage. One week later he 
became comatose, ventilator-dependent, and 
unresponsive-to painful stimuli (grade 4-5 Hunt- 
Hess classification). 

A, Left vetebral angiogram shows diffuse 
spasm involving intradural distal left vertebral 
artery, basilar artery, and both posterior cerebral 
arteries with aneurysm between right posterior 
cerebral artery and superior cerebellar artery. 

B, Same injection and projection after trans- 
luminal angiopiasty of both intradural right and 
left vertebral, kasilar, and proximal posterior cer- 
ebral arteries. Marked improvement is seen 
within luminai caliber of these vessels. After 
angiopiasty of distal basilar artery the patient 
awoke, became clinical grade 2, and was extu- 
bated. 
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perfusion and pressure can be transmitted to the recently 
ruptured aneurysm, thereby increasing the risk of rebleeding. 
Therefore, the ruptured aneurysm should be dealt with in a 
timely fashion if a successful angioplasty results in clinical 
improvement. Another complication can occur if angioplasty 
is performed too late after the onset of neurologic decline. 
Reperfusion of infarcted brain can transform a bland into a 
hemorrhagic infarction; therefore, these procedures should 
be performed in the acute phase before infarctions have 
occurred. Additional risks of thromboembolic complications 
and vascular rupture are possible with this technique but are 
difficult to estimate with the small size of published series. 
Despite these limitations, preliminary results have been en- 
couraging. Larger series are needed to evaluate the efficacy, 
delayed sequelae, risks, and indications of this technique. 


Atherosclerosis 


Percutaneous transluminal angioplasty of the innominate, 
carotid, subclavian, vertebral, and intracranial vessels is being 
performed in selected cases [50-55]. Traditionai medical 
therapy has failed in most of these patients, and they present 
with a variety of symptoms such as strokes, transient is- 
chemic attacks, subclavian steal, vertebral basilar insuffi- 
ciency, or progressive neurologic deterioration. Angioplasty 
has been reported to alleviate most of these symptoms with 
a low morbidity rate [50-55], except in the case of intracranial 
atherosclerosis [55], which has a high morbidity rate, presum- 
ably due to occlusion of critical perforator arteries in these 
territories. The development of endovascular stents may offer 
some improvement in the treatment of this disease in the 
future. The results of extracranial transluminal angioplasty 
have been quite encouraging. Of the 117 cases reported 
involving eight innominate, six proximal subclavian, 12 verte- 
bral, 21 common carotid, four external carotid, and 66 internal 
carotid arteries, the only complications were a transient is- 
chemic attack lasting 5 min in a patient who underwent 
bilateral vertebral angioplasties and two groin hematomas 
[51, 55]. The angiographic follow-up demonstrated return to 
normai luminal diameter in 40% of cases and substantial 
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improvement in intraluminal caliber in the remaining 60%. The 
clinical follow-up has averaged 27 months and all patients 
have been asymptomatic. Potential complications include 
acute stroke, subintimal dissection, vasospasm, and vessel 
perforation. 


Dural Arteriovenous Fistulas 


Dural arteriovenous fistulas can present with a wide clinical 
spectrum of signs and symptoms primarily related to their 
location and their venous drainage. 


Transverse and Sigmoid Sinus Dural Fistulas 


These fistulas pose the highest risk and remain the greatest 
therapeutic challenge. On one end of the spectrum these 
patients can be entirely asymptomatic or merely have head- 
aches or bruit. On the other end of the spectrum they can 
present with strokes, seizures, altered mental status, hem- 
orrhage, papilledema, and dementia [56-59]. The angio- 
graphic findings of stenosis involving the dural sinus with 
diversion of arterialized venous drainage into cortical veins 
poses a high risk of stroke, neurologic deficit, or hemorrhage 
[58, 59]. Surgical excision of the involved dural sinus can be 
performed but is not without substantial morbidity and mor- 
tality [60]. The initial endovascular treatments consisted of 
subselective catheterization of the external carotid arterial 
supply and embolization with particles or liquid adhesives 
[59]. Although the majority of patients had either symptomatic 
improvement or complete alleviation of their symptoms, ap- 
proximately one-third of the patients would continue to have 
symptoms related to their dural fistula. More recently a trans- 
venous embolization procedure has been described, either 
from direct surgical exposure [61] or a transfemoral venous 
access [62]. Thrombogenic material, usually platinum or steel 
coils, is placed directly into the involved dural fistula, produc- 
ing thrombosis and often complete obliteration. Although this 
technique has produced complete cure in most of the patients 
treated, it is reserved for patients in whom cortical venous 
drainage away from the dural sinus is demonstrated. Our own 
experience with over 50 dural fistulas involving the transverse 
and sigmoid sinus region has yielded a complete cure rate of 
59% for transarterial embolization and 82% for transvenous 
embolization, with a complication rate of 6-8%. Endovascular 
procedures are often considered a primary definitive treat- 
ment for symptomatic dural fistulas in this region. 


Cavernous Sinus Dural Fistulas 


Cavernous dural fistulas most often occur spontaneously 
in elderly women but can be associated with trauma, sinusitis, 
cavernous sinus thrombosis, and pregnancy [63-65]. Al- 
though spontaneous obliteration is possible [66, 67], the 
majority remain symptomatic producing headaches: bruit; 
proptosis; ophthalmoplegia; and, rarely, diminished visual 
acuity, blindness, and hemorrhage. Initial endovascular treat- 
ments have consisted of subselective catheterization of the 
external carotid dural supply, usually the ascending pharyn- 
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geal artery, middle meningeal artery, and distal branches of 
the internal maxillary artery, and embolization with a variety 
of embolic agents [68, 69]. Some patients remained symp- 
tomatic after these procedures because of recruitment or 
enlargement of the dural supply arising from the internal 
carotid artery. Although embolization of these branches is 
technically possible [70], the risk of embolic stroke makes 
this the less desirable treatment. Recently, transvenous em- 
bolization has been described through the inferior petrosal 
sinus or superior ophthalmic vein with placement of throm- 
bogenic material, either platinum or steel coils, silk suture, or 
liquid adhesives, to produce complete obliteration of the 
fistula [71]. Figure 7 is an example of a symptomatic cavern- 
ous dural fistula treated by transvenous techniques. 

Patients who do not demonstrate cortical venous drainage 
or progressive visual loss are begun initially on a trial of 
compression therapy [13, 69] to promote thrombosis at the 
fistula site. This will result in complete cure in one-third of the 
patients treated. Our own experience with endovascular treat- 
ment in over 52 patients with symptomatic cavernous dural 
fistulas has shown complete cure in approximately two-thirds 
of patients treated by either transarterial or transvenous 
embolization, with a complication rate (mostly transient ag- 
gravation of ocular symptoms) of 5-7%. Compression therapy 
and transvascular embolization techniques have emerged as 
the treatments of choice for symptomatic cavernous dural 
fistulas. 


Midline Dural Fistulas 


Dural fistulas can involve the superior sagittal sinus, straight 
sinus, and vein of Galen. These fistulas tend to present with 
neurologic deficits, hemorrhage, and headaches. Because of 
the length, multiplicity, and complexity of the arterial supply 
to these fistulas, combined endovascular and intraoperative 
embolizations often are required for complete fistula obliter- 
ation [72, 73]. 


Intracerebral Arteriovenous Malformations 


Intracerebral arteriovenous malformations (AVMs) are con- 
genital malformations involving the vascular development of 
the fetal brain and include abnormalities in arteries, capillaries, 
and venous structures. Clinically these lesions can present 
with seizures, recurrent headaches, hemorrhage, progressive 
neurologic deficits, hydrocephalus, and dementia. The mor- 
tality rate associated with the initial hemorrhage of an AVM 
is estimated to be 10% with a morbidity rate of 30-50% 
[74]. The early endovascular treatments of jree-particle or 
Silastic-sphere [75, 76] embolization have largely been re- 
placed with superselective embolization techniques. Large 
series have demonstrated the effectiveness of subselective 
embolization as an adjunct to surgical excision by reducing 
the flow and size of the nidus, occluding deep feeding pedi- 
cles, and reducing the risk of perfusion breakthrough [76- 
80]. Figure 8 is an example of a posterior fossa AVM that 
was preoperatively embolized, facilitating surgical removal. 
When transfemoral routes are ineffective, direct intraoperative 
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A B 
Fig. 7.—81-year-old woman with ocular symptoms caused by a dural cavernous fistula supplied by the left internal carotid artery. 
A, Left cemmon carotid angiogram, anteroposterior projection, shows dural fistula involving left cavernous sinus; fistula drains across circular sinus to 
contralateral superior ophthalmic vein and inferior petrosal sinus. 
B, Catheter has been navigated from transfemoral venous approach up right inferior petrosal sinus across circular sinus to left cavernous sinus. This 
reveals fistula site as well as drainage to both superior ophthalmic veins (arrows). 
C, Left sommon carotid angiogram, anteroposterior projection, shows complete obliteration of fistula after embolization with platinum coils and liquid 


adhesives-from a transvenous approach. 


y 





Fig. 8.—37-year-old woman who had several 
subarachroid hemorrhages caused by posterior 
fossa artedovenous malformation (AVM). 

A, Left vertebral angiogram, lateral projection, 
shows AVM in vermis draining to vein of Galen 
(arrow). 

B, Same injection and projection show marked 
decreasec flow after embolization of both su- 
perior cerebellar arteries and choroidal branch 
of posteriar inferior cerebellar artery. AVM was 
surgically -emoved in 1⁄2 hr with minimal blood 
loss. 
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embolization in an awake patient or with cortical mapping has 
been shcwn to be effective for AVMs located near critical 
(speech, motor strip, or visual cortex) areas [81, 82]. In 
patients who are not surgical candidates, staged palliative 
embolization may eliminate associated aneurysms in feeding 
vessels cr within the nidus and presumably reduce the asso- 
ciated ris: of hemorrhage [83]. Progressive neurologic deficits 
may be a result of arterial steal away from normal surrounding 
brain inte a high-flow AVM or venous hypertension transmit- 
ted from the AVM to shared surrounding brain. Staged pallia- 
tive embclization of the AVM often can recover these asso- 
ciated dedicits. Patients with severe unilateral pulsatile head- 
aches often have recruited dural supply to their parenchymal 
AVM. Embolization of this dural supply can be performed with 
relative safety and often results in improvement or alleviation 
of the headaches. 


C 





Surgical excision remains the gold standard for the treat- 
ment of most symptomatic AVMs. Most of the embolization 
procedures performed for symptomatic AVMs are performed 
as presurgical adjuncts. Some AVMs, because of their size 
or involvement with deep or essential structures, are not 
considered operable because of the excessive morbidity and 
mortality associated with surgical excision. Embolization 
alone has been used as a primary therapy in some of these 
complex lesions; however, the cure rate has been low, re- 
portedly between 8% and 16% [84, 85], with a permanent 
complication rate of 13.5-22% [84, 85]. Two recent reports 
have shown that the prevalence of serious complications 
seccndary to embolization is declining, presumably because 
of the development of better catheter and embolic agent 
technology and advances in operator experience [86, 87]. 
Subtotal occlusion of an AVM by embolization can improve 
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neurologic function and reduce headaches and seizures [88, 
89]. However, the impact of these procedures on reduction 
of subsequent hemorrhages when no definable hemorrhage 
source is identified remains to be proven. 

Stereotaxically guided X-irradiation, gamma-produced in- 
tersecting beam irradiation, or Bragg-peak proton beam irra- 
diation of AVMs has been shown to be effective in producing 
proliferative changes in the vessel wall of AVMs resulting in 
obliteration of the nidus (87, 88]. The results of treatment of 
smaller AVMs (less than 3 cm) followed for 2 years or more 
have shown complete obliteration in approximately 80% of 
patients [84]. The reported results of large AVMs (up to 5 
cm) has shown a low rate of angiographic obliteration (20%) 
in patients treated with proton beam irradiation [85]. Although 
the complications reported with radiotherapy have been low, 
the major drawback has been the 1- to 2-year interval required 
for radiation therapy to produce obliterative changes in AVM 
vessels, during which the patient is at continued risk for 
intracranial hemorrhage. Embolization has been used as an 
adjunct prior to radiosurgery to reduce the size of the nidus, 
occlude large fistulous connections, and obliterate aneurysms 
or pseudoaneurysms associated with a risk of recurrent hem- 
orrhage. 


Spinal Vascular Malformations 


Spinal vascular malformations can present with a wide 
clinical spectrum of signs and symptoms. Intramedullary mal- 
formations usually present in the second or third decade with 
hemorrhage. Perimedullary fistulas are connections found on 
the surface of the spinal cord, usually in the conus region, 
and can present with hemorrhage or progressive myelopathy. 
Spinal dural fistulas are located in the dura, usually present 
with radiculopathy or myelopathy, and occur in older patients 
[90]. Many of these diseases can be palliated or obliterated 
by endovascular techniques [90-94]. In patients with a spinal 
dural fistula whose feeding arterial supply does not contribute 
to the spinal cord, transvascular embolization is the primary 
definitive therapy [90]. Some intramedullary AVMs can be 
palliated or cured by embolization techniques; however, an 
understanding of the angioarchitecture is essential for a sat- 
isfactory outcome. 


Summary 


interventional neuroradiology has made tremendous ad- 
vances in the 28 years since Lussenhop and Spence [75] first 
reported occlusion of a cerebral AVM by embolization with 
radiologic guidance. This progress is largely attributable to 
continuing advances in imaging techniques, catheters, and 
embolic technology, coupled with an improved understanding 
of the natural history and pathophysiology of neurovascular 
disorders. in this evolving subspecialty there is still some 
variability in the consistency of results. It is hoped that sub- 
specialty training guidelines will improve the consistency of 
therapeutic outcomes. 
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Assessment of Myocardial Viability with SPECT and PET 
Imaging 


Manuel D. Cerqueira’ and Arnold F. Jacobson 


In patients with acute myocardial infarction, early use of nating myocardium distal to a previously occluded vessel and 
thrombolytic therapy with streptokinase or tissue plasmino- who will regain mechanical ventricular function and nave relief 
gen activator has shown potential for salvaging jeopardized of their angina after revascularization is critical for optimal 
myocardium. Although spontaneous thrombolysis occurs in clinical decision making. 
many patients, thrombolytic therapy increases the percentage 20T] scintigraphy has been shown to have a high sensitivity 
of patent infarct-related vessels, causes reperfusion to occur and specificity in identifying patients with coronary artery 
earlier, decreases infarct size, preserves ventricular function, disease and to be accurate in identifying areas of prior myo- 
and improves survival [1-3]. Successful thrombolysis after a cardial infarction [7]. Single-photon emission CT (SPECT) 
period of coronary artery occlusion often establishes blood substantially improves image contrast, overcomes the overlap 
flow to areas of myocardium that are a mixture of irreversibly problems encountered in planar imaging, and is becoming the 
damaged and viable myocytes. The viable myocytes may preferred method for performing TI scintigraphy [7]. How- 
have depressed systolic and diastolic function and depleted ever, recent reports suggest that the conventional stress- 
high-energy phosphate stores, the so-called “stunned” myo- redistribution imaging sequence may result in underestimation 
cardium, but such areas are capable of regaining mechanical of viable myocardium, and new imaging sequences have been 
function over time without the need for aggressive interven- introduced to improve differentiation of hibernating from ne- 
tion [4]. When mechanical function does not improve after crotic myocardium [8]. In addition, cardiac positron emission 
several weeks, viable myocytes may still be present distal to tomography (PET), with its ability to separate blood flow from 
the patent vessel but subject to chronic ischemia as a result metabolism, offers promise of even more specific functional 
of residual stenosis or poor collateral flow. Ventricular dys- cardiac imaging [9]. We review the established role of SPECT 
function due to chronic ischemia has been referred to as 20T] scintigraphy, describe new techniques and imaging strat- 
“hibernating” myocardium and may be very difficult to differ- egies with *°'TI, and discuss the role of PET blood flow and 
entiate from myocardial scar [5]. A patient with hibernating metabolic imaging in identifying viable but ischemic myocar- 
myocardium may benefit from revascularization by coronary dium. 
artery bypass surgery or percutaneous transluminal coronary 
angioplasty (PTCA), but similar interventions to improve blood 
flow to scar would expose the patient to possible risk of 
morbidity or ceath without potential benefit [6]. Thus, accu- There are two major classes of tracers for measurement of 
rate identification of those patients who have viable, hiber- myocardial blood flow: gamma emitters ("TI and ®Tc iso- 


Radiopharmaceuticals for Assessing the Myocardium 








Received Marcy 15, 1989: accepted after revision May 15, 1989. 

This work was supported by the General Medical Research Services of the Veterans Administration, Washington, DC. 

' Both authors: Department of Radiology. Division of Nuclear Medicine, Seattle Veterans Administration Medical Center and the University of Washington, 1660 
S. Columbian Way. Seattle, WA 98108. Address reprint requests to M. D. Cerqueira. 


AJR 153:477-483. September 1989 036 1-803X/89/1533-0477 © American Roentgen Ray Society 


478 CERQUEIRA AND JACOBSON 


nitriles) and positron emitters (‘°SN-ammonia, Rb, and ‘*O- 
water). 


Gamma Emitters 


Thallium.—*°'T| is a potassium analog with predominantly 
low-energy photon emissions (69-83 keV). The kinetics of 
20T] uptake and washout have been studied extensively 
[10]. Myocardial uptake of °°'TI is directly proportional to 
blood flow over the physiologic range encountered in humans. 
Because in the resting state myocardial blood flow is low, 
areas with normal blood flow and areas distal to a stenosed 
vessel may show similar *°'Tl uptake. When studies are 
performed after exercise stress or dipyridamole-induced hy- 
peremia, uptake is increased in areas with normal vascular 
supply, while areas distal to an occluded or stenosed vessel 
have diminished or absent *°'Tl uptake. Over time, areas of 
myocardial scar show no change in *°'TI activity, but areas 
distal to a stenosed vessel usually show gradual accumulation 
of **'Tl as a result of slow net wash-in of activity from the 
serum. Thus, at 4 hr postinjection, a time when delayed or 
redistribution *°'Tl imaging is routinely performed, areas of 
infarction have a persistent or fixed defect, whereas areas 
distal to stenoses usually have TI concentrations similar to 
normal surrounding myocardium. Thus, redistribution reflects 
the presence of viable but ischemic myocardium. 

lsonitriles. —Since ®°'T| has a relatively long half-life, has 
high attenuation due to its low energy, achieves a low target- 
to-background ratio, and is cyclotron-produced, alternative 
perfusion agents that can be labeled with °°"Tc have been 
sought. Several different isonitrile compounds have been 
complexed with technetium cations to produce myocardial 
blood flow agents. Six (hexa) molecules are attached to the 
"Tc cation, and the unique properties of each compound 
are determined by the side chains. °°"Tc-hexakis-2-methox- 
yisobutyl isonitriile has been the most widely used clinically, 
and Food and Drug Administration approval is pending [11]. 
It has the unique properties of permanently binding to intra- 
cellular proteins in direct proportion to blood flow and showing 
minimal redistribution over time. Thus, it has properties similar 
to microspheres, offers all the imaging advantages of "Tc, 
and the absence of redistribution makes it ideal for the longer 
imaging times required for SPECT. In order to differentiate 
exercise-induced ischemia from previous infarction, a sepa- 
rate resting study is required. In addition to assessing perfu- 
sion, the acquisition may be gated, which allows information 
on global and regional ventricular function to be obtained 
[12]. In a direct comparison with TI imaging for the detection 
of coronary artery disease, comparable results have been 
reported for °°"Tc-hexakis-2-methoxyisobuty! isonitrile [13]. 
There is currently inadequate data to evaluate the role of 
*°"T¢ isonitriles in the assessment of myocardial viability, but 
the improved imaging properties and the ability to simulta- 
neously assess both perfusion and function suggest that 
isonitriles will offer advantages over °'T! blood-flow imaging. 
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Positron Emitters 


Markers of myocardial blood flow.—The three positron- 
emitting tracers that have been used for assessing myocardial 
blood flow have distinct characteristics that make each at- 
tractive for use in clinical PET imaging [14]. Rb, a potassium 
analog similar to Ti, is generator-produced, making it po- 
tentially available on a routine basis without the need for a 
cyclotron. For this reason, this agent has been extensively 
evaluated for the detection of coronary artery disease [15, 
16]. '°O-water is cyclotron-produced and has a very high 
myocardial extraction efficiency, but high blood pool and lung 
water activity may limit quantitative estimation of perfusion. 
'8N-ammonia has a lower myocardial extraction efficiency 
than '°O-water and ®*Rb and uptake deviates from linearity 
with flow at high rates, but intracellular metabolism results in 
extended retention of the tracer. The short half-lives of Rb 
and tO (76 sec and 2 min, respectively) place greater de- 
mands on a scanner with regard to its sensitivity and speed 
of image acquisition. This limitation does make possible serial 
imaging under different physiologic conditions (e.g., before 
and after pharmacologic, mental, or physical stress) without 
the redistribution delays encountered with *°’TI imaging. How- 
ever, the intracellular retention of '*N-ammonia, in addition to 
the longer half-life of N (11 min), has made this agent 
generally preferred for blood flow imaging with PET. 

Markers of myocardiai metabolism.—The primary meta- 
bolic substrates for normal myocardial cells are fatty acids, 
but under hypoxic conditions, glucose metabolism increases 
and may become the primary energy source [17-21]. Use of 
fatty acid and glucose analogs labeled with positron emitters 
thus provides a noninvasive means for evaluating regional 
myocardial oxygenation status. 

The fatty acid "C-labeled palmitate is avidly extracted by 
the myocardium, and the relatively long half-life of C (20 
min) makes PET imaging practical. This agent has proved 
useful for studying the kinetics of fatty acid uptake under 
normal and ischemic conditions and to obtain good-quality 
PET images [17]. Because labeled fatty acids undergo beta 
oxidation, there is fast washout from areas of normal myo- 
cardium and back diffusion in areas of ischemia. These prop- 
erties impose limitations on modeling kinetics and the per- 
formance of imaging studies. Several fatty acid analogs are 
being investigated for clinical imaging [18]. These agents are 
partially metabolized in myocytes and remain trapped intra- 
cellularly and thus facilitate imaging and modeling. Phenylpen- 
tadecanoic acid has also been labeled with iodine-123 and 
may be used for SPECT imaging [22]. 

Deoxyglucose labeled with '°F (half-life, 109 min) has been 
shown to be an accurate marker of regional glucose utilization 
[14]. '°F-fluorodeoxyglucose has gained wide acceptance for 
its ability to identify ischemic but still viable myocardium, often 
in areas with markedly diminished blood flow on 7°'TI or YN- 
ammonia imaging and decreased aerobic metabolism on "'C- 
palmitate studies. An example of such a study is shown in 
Figures 1 and 2. Those areas with decreased or undetectable 
blood flow and preserved metabolism represent a blood flow- 
metabolism mismatch and are consistent with ischemic, but 
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Fig. 1—A and B, Serial transaxiai positron emission tomographic slices 
of “N-ammonia blood flow (A) and *F-fluorodeoxyglucose metabolism (B) 
in a normal volunteer. There is uniform distribution of blood flow and 
metabolism throughout the myocardium. (Images were acquired on a CTI 
831 15-slice ECAT scanner and provided courtesy of G. T. Smith and M. 
Besozzi: University of Tennessee Medical Center, Knoxville). 





A B 

Fig. 2—A and B, Single transaxial °N-ammonia (A) and “F-fluorodeoxy- 
glucose4{FDG) (B) images in a patient with a prior myocardial infarction. 

A, “B-ammonia image shows diminished blood flow to inferolateral 
(straigh’ arrow) and posterobasal (curved arrow) walis. 

B, “F-FDG image shows matched decrease in metabolism in inferola- 
terai weil (straight arrow), consistent with infarction, and normal uptake 
(mismatch) in posterobasal wall (curved arrow), consistent with ischemia. 

(images were acquired on a CT! 831 15-slice ECAT scanner and pro- 
vided ceurtesy of G. T. Smith and M. Besozzi, University of Tennessee 
Medical:Center, Knoxville). 


viable myocardium. Areas with normal blood flow and metab- 
olism represent normal myocardium, and areas where both 
are absent represent scar. 


imaging Techniques 
Gamma Camera Systems 


Thafium.—in over 10 years of clinical use, planar °°'TI 
imaging has demonstrated a high sensitivity and specificity 
for the:detection of coronary artery disease and offers simple 
image acquisition using conventional gamma cameras [7]. 
However, planar *°'T| imaging suffers from both the general 
resolution limitations that affect all planar techniques as a 
result of superimposition of overlying structures, as well as 
from the increased attenuation and low target-to-background 
ratio specifically due to the low photon energy of TI. This 
has led to increasingly widespread use of SPECT techniques 
in myecardial imaging. 

The earliest tomographic methods used for 7°'Ti myocardial 
imaging relied on seven-pinhole and rotating-slant-hole colli- 
mators. These techniques offered the convenience of using 
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existing large-field-of-view stationary gamma cameras, but, 
because of their dependence on incomplete view sampling, 
produced images with substantial spatial distortion [23]. Clin- 
ical studies using these limited-angle tomographic methods 
were unable to show a major advantage over planar imaging, 
and these techniques have been abandoned {7}. 

Tomographic techniques using a rotating gamma camera 
have overcome the limitations of other tomographic tech- 
niques and have gained wide acceptance in myocardial per- 
fusion imaging. SPECT is most often performed with a single- 
headed detector, but two- and three-headed systems are also 
commercially available [24]. Ring detector systems for scin- 
tigraphic acquisition have also been developed but are not 
used for cardiac imaging. The multineaded and ring systems 
offer the advantages of higher count rates and more accurate 
attenuation and scatter correction, but acquisition and recon- 
struction are more complex. Existing SPECT systems have 
spatial resolutions varying from 14 to 16 mm. The technical 
demands in performing good-quality SPECT imaging are 
greater than those in planar imaging. SPECT requires greater 
attention to details such as initial acceptance testing of the 
equipment; daily, weekly, and quarterly quality control; and 
greater training for technologists and physicians [7]. 

Cardiac SPECT studies are generally acquired using a 180° 
rotation from right anterior oblique to the left posterior oblique. 
After reconstruction of the transaxial plane, the jong axis of 
the heart is defined, and for visual analysis images may be 
displayed in serial slices at 90° angles relative to the long 
axis of the heart. This allows optimal display of the ventricular 
chambers and assignment of perfusion abnormalities to spe- 
cific coronary arteries. Several methods of displaying serial 
SPECT slices and the results of quantitative analysis have 
been developed [7]. The bull’s-eye format is used widely; 
several examples are shown in Figures 3-5. Quantitative 
methods are used extensively for cardiac SPECT because 
they make interpretation more reproducible and less depen- 
dent on the skills and training of the interpreter, and localiza- 
tion of disease to a specific vascular territory is improved. 

The value of SPECT *°'TI scintigraphy for the identification 
of coronary artery disease has been well established using 
visual and quantitative interpretation. SPECT studies are 90- 
95% sensitive and have a lower specificity [25-30]. Thallium 
SPECT also has been shown to have greater sensitivity than 
planar imaging in identifying patients with previous myocardial 
infarction, especially for the inferior wall and small subendo- 
cardial infarcts [31]. 


PET Systems 


The basic design of a modern PET imaging system is 
analogous to that of a CT scanner [24, 32-38]. A series of 
adjacent rings of scintillation detectors surrounds the patient 
and provides the capability for 180° coincidence counting of 
the paired 511-keV photons produced by positron annihila- 
tion. The resolution element of the scanner is established by 
the field of view of individual paired opposing detectors, with 
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Fig. 3.—Four representative ”'Ti tomographic slices in a resting patient with normal coronary arteries. 

A, Short axis view. 

B, Superior long axis view. 

C, Right anterior oblique long axis view. 

D, Quantitation view. 

In quantitative display, each tomographic slice was compared with a population of normal subjects and found to be within 3 SD of the mean. 
(Reprinted with permission from Cerqueira et al. [7].) 
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Fig. 4.—°'Ti tomograms in a resting patient with a prior inferior myocardial infarction. 

A, Short axis view. 

8, Superior long axis view. 

C, Right anterior oblique long axis view. 

D, Quantitation view. 

Large inferior defect (arrows) is seen on all tomographic slices and includes part of apex. Quantitative display localizes defect representing 32% of 
left ventricle (black area). 

(Reprinted with permission from Ritchie et al. [25].) 
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Fig. 5.—**'T! tomograms in patient with prior anterior myocardial infarction. 

A, Short axis view. 

B, Superior long axis view. 

C, Right anterior oblique long axis view. 

D, Quantitation view. 

Portions of anterior wall, septum, and apex are involved (arrows). This patient’s defect comprised 29% of left ventricle. 
(Reprinted with permission from Ritchie et al. [25].) 
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improved resolution achieved by using a larger number of 
smaller detectors. Whole-body scanners have from 200 to 
512 detectors per ring, with the rectangular imaging surface 
of each detector being 5-9 mm wide and 13-24 mm high. As 
a result əf generation of cross-plane image slices through use 
of coincidence detection between detectors in adjacent rings, 
image plane spacing is 7-14 mm, about half the overall height 
of a single crystal. Systems with two to eight detector rings, 
providing three to 22 individual image slices over an axial field 
of view af 5-16 cm, are available. In-plane resolution for the 
current generation of whole-body PET scanners, specified in 
terms of full width at half maximum, is typically 5-10 mm. 
Axial resolution ranges from 6 to 14 mm depending on crystal 
dimensions, gantry translation, and configuration of interplane 
shields. 


Clinical Assessment of Myocardial Viability 
207) Scintigraphy 


In areas of prior myocardial infarction or severe ischemia, 
regional ‘oss of mechanical function may improve after revas- 
cularization. This has been shown by several groups using 
planar ®°°Ti techniques. Rozanski et al. [39] performed exer- 
cise °" Th imaging and regional wall motion analysis by gated 
blood peol imaging in 25 patients before coronary artery 
bypass grafting (CABG). Regional wall motion was studied 
after surgery, and 54% of segments with abnormal *°'T| 
distributien had improvement in regional wall motion after 
CABG. Improvement in function was more likely to occur in 
areas with *°'TI redistribution at 4 hr (90%), but also occurred 
in 24% cf areas with fixed defects at 4 hr. Similar findings 
were reported by Gibson et al. [40] with quantitative planar 
20T] imaging before and after CABG in 47 consecutive pa- 
tients. Forty-two defects were fixed at 4 hr; after surgery, 
45% of these segments had normal *°'TI activity and improved 
regional contractility. 

These studies showed that myocardial segments with 7°'T| 
redistribution at 4 hr have increased *°'Tl uptake and improve- 
ment in ventricular function after CABG. Fixed defects may 
also show improvement in regional function (24%) and °°'TI 
uptake (45%), suggesting that these areas are a mixture of 
scar tissee and viable myocytes. As the time course of 
thallium redistribution is directly related to the severity of 
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coronary artery stenosis, severely ischemic areas of myocar- 
dium may require longer than 4 hr to show redistribution 
[41]. 


Late Redistribution 


Several studies have shown that extending *°'T! imaging to 
24 or even 48 hr will help differentiate severely ischemic but 
viable areas of myocardium from scar. This time dependence 
of redistribution is shown in Figure 6 in a patient with prior 
inferior myocardial infarction and collateral flow from a left 
anterior descending coronary artery with a high-grade lesion. 
The major problem with delaying imaging this long after 
administration of 7°'Tl is the paucity of counts. Increasing the 
imaging time increases the counts but also increases the 
opportunity for the patient to move, thereby degrading the 
image. 

Kiat et al. [8] studied 21 patients who had exercise *°'TI 
SPECT scintigraphy before and after CABG or PTCA. Patients 
were imaged immediately after exercise and at 4 hr; delayed 
imaging was performed at 18-72 hr. Of 201 individual myo- 
cardial segments that had defects on immediate imaging, 79 
(392%) had reversible defects at 4 hr, and 67 (85%) of these 
showed improved perfusion after CABG. Of 122 segments 
with fixed defects at 4 hr, 88 (72%) also showed improved 
perfusion following revascularization. Statistically there was 
no difference in improvement after revascularization between 
reversible and fixed defects at 4 hr. Of the 122 fixed segments 
at 4 hr, 74 (61%) showed late redistribution, and 95% of 
these segments improved after revascularization. Of the 48 
segments that remained fixed at 18-72 hr, 18 (37%) still 
showed improvement in regional perfusion after CABG. 

Cloninger et al. [42] performed quantitative stress SPECT 
20T] scintigraphy in 141 patients before and after PTCA. In 
patients without prior myocardial infarction, 67% had partial 
redistribution on delayed imaging. After PTCA, 76% of these 
patients show improved °°'TI uptake in the areas with partial 
redistribution. This study documents that in patients without 
prior infarction, but with high-grade lesions, two-thirds have 
incomplete redistribution at 4 hr and improvement after PTCA. 
In a separate group of 40 patients with partial redistribution 
at 4 hr, imaging was repeated at 8-24 hr. In 28 with prior 
myocardial infarction, 13 (46%) had additional redistribution 


a 
C 


Fig. 6.—A4-C, Exercise stress single-photon emission CT 7°'Tl study shows short-axis slice imaged immediately after stress (A) and at 4 (B) and 24 (C) 
hr. Anterior and inferior walls have progressive redistribution over time. These changes are consistent with severe ischemia and markedly delayed 


redistribution of TI activity. 
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on delayed imaging. In 12 without prior infarction, four had 
complete redistribution and seven had additional redistribu- 
tion. Performing delayed imaging at 8-24 hr will show com- 
plete or additional redistribution in patients with and without 
myocardial infarction. 

Thus, in patients with or without prior myocardial infarction, 
severe reductions in flow may cause 7°'T| defects at 4 hr that 
show improvement after revascularization. If imaging is per- 
formed at 8-72 hr, late redistribution occurs in some patients; 
they have a higher probability of showing benefit from revas- 
cularization. In patients with fixed defects, even on late im- 
aging, improvements in *°'T| uptake and ventricular function 
may still result from revascularization, but the percentage is 
lower. While this limitation of SPECT 2°'TI imaging may be 
due in part to the resolution limits of this technique, it may 
also reflect a more general limitation of imaging that examines 
perfusion alone and suggests the need for evaluating myo- 
cardial metabolism. 


Comparisons Between PET and SPECT 


Several studies of TI and PET imaging in the same group 
of patients have been done. Brunken et al. [43] studied 12 
patients, 10 with a clinical history of myocardial infarction, 
with stress planar ?°'TI and '*N-ammonia and '8F-2-deoxyglu- 
cose PET imaging. A total of 51 myocardial segments had 
defects on immediate poststress 7°'T| imaging, and at 4 hr, 
36 were fixed, 11 had partial redistribution, and four had 
complete redistribution. In 21 (68%) of 36 patients with fixed 
defects and seven (64%) of 11 patients with partially redistrib- 
uting 7°'Tl defects, residual glucose metabolism consistent 
with the presence of viable myocardium was seen. In a similar 
study using SPECT and PET imaging, Tamaki et al. [44, 45] 
found that 38% of patients with fixed defects on *°'TI imaging 
at 4 hr had evidence of preserved metabolic activity when 
'8F.2-deoxyglucose was used. Thus, fixed defects on TI 
imaging at 4 hr may contain viable myocardium that can be 
detected by a mismatch between blood flow and metabolic 
activity on PET imaging. These findings are clinically important 
because areas of myocardium with preserved glucose uptake 
can regain function after revascularization. 


New Approaches to Identifying Ischemic Myocardium 


Available PET imaging agents can define myocardial per- 
fusion and metabolism, but new compounds may be able to 
measure the actual oxygen concentration in the area of the 
ischemic or hibernating myocardium. Nitroimidazoles make 
up a class of compounds that are enzymatically trapped inside 
cells at a rate inversely proportional to the oxygen concentra- 
tion [46-48]. As binding is enzyme-mediated, binding does 
not occur in normal, necrotic, or irreversibly damaged cells. 
Fluoromisonidazole can be labeled with ‘°F, and it has been 
shown in isolated myocytes that binding is dependent on 
oxygen concentration [46]. In a dog model of myocardial 
ischemia/infarction, the uptake of this agent had an excellent 
correlation with microsphere measurements of myocardial 
blood flow [47]. Thus, this agent shows promise as a selective 
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marker of oxygen concentration and may prove Clinically 
useful in identifying viable but ischemic myocardium. 


Summary 


The use of thrombolytic therapy for the treatment of acute 
myocardial infarction has increased the number of patients 
presenting for assessment of myocardial viability. Stress 
SPECT *°'TI perfusion imaging performed in the conventional 
manner with delayed imaging at 4 hr can identify a large 
percentage of patients with ischemic but viable areas of 
myocardium. in some patients, delayed imaging up to as long 
as 24-48 hr after exercise may be required to show "TI 
redistribution indicative of viability. Thus, in most patients, 
stress °°'TI scintigraphy will correctly identify the presence of 
viable myocardium. 

PET imaging, with its ability to assess blood flow and 
metabolism separately, offers the ability to identify myocardial 
areas with diminished blood flow but preserved metabolism. 
Areas with such a blood flow~metabolism mismatch may 
benefit from revascularization, even in the absence of *°'TI 
redistribution. The exact role PET will play in the initial eval- 
uation of patients presenting for assessment cf myocardial 
viability remains to be established as more clinical data are 
accumulated. 
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Book Review 











General Thoracic Surgery, 3rd ed. Edited by Thomas W. Shields. Philadelphia: Lea & Febiger, 1251 pp., 1989. 


$150 


Comprehensive textbooks on nonimaging subspecialties are prin- 
cipally used by imagers as reference works. At their best, such 
textbooks provide specific information outside the scope of subspe- 
cialty imaging textbooks. Of equal importance is that they provide 
the point of view of a specific group of our clinical colleagues. Such 
perspective increases our understanding of the clinical problems with 
which we deal and provides knowledge that increases our rapport 
with those for whom the textbook is specifically intended. 

This book is one of the principal texts on thoracic surgery. It differs 
from similar works in that it concentrates on surgery of the chest 
wail, lungs, and mediastinum. Shields’ book excludes the subject of 
cardiovascular surgery, which is often covered—and even featured— 
in thoracic surgery textbooks because many surgeons practice both 
general thoracic and cardiovascular surgery. 

Excellent introductory chapters cover anatomy and, exceedingly 
briefly, physiology. The new 3rd edition includes a markedly expanded 
discussion of radiologic and imaging studies. This section is probably 
of the least use to radiologists, who have access to much more 
complete discussions of chest imaging. It is, however, remarkable 
that this text includes a thorough discussion of thoracic MR imaging 
by Gordon Gamsu. Dr. Gamsu’s coverage is unusually detailed for a 
text of this type, and it is reasonably up-to-date with inclusion of 
material through the early months of 1988. 

Discussions of nonimaging diagnostic procedures and the preop- 
erative, postoperative, and anesthetic management of the patient are 
all done well and only minimally complicated by overlapping subject 
matter. Descriptions of surgical procedures are sufficiently terse to 
be readable by nonsurgeons; it strikes me that a specialist would find 
these descriptions insufficient, and | would hesitate to recommend a 
surgeon whose knowledge of a procedure was limited to the material 
found in this book. 

Long sections discuss the diseases of the chest wall, diaphragm, 
pleura, trachea, lung, esophagus, and mediastinum. These sections 
are comprehensive and generally well written, and the discussions of 
“medium rare” and uncommon diseases are particularly useful. Ex- 
cellent discussions, for example, cover each of the parasitic diseases, 
including Paragonimus and hydatid disease. Particularly strong is the 


section on the esophagus, an organ often poorly covered in other 
subspecialty texts. 

A pleasing feature of this work is its division into 100 short 
chapters. This organization makes specific topics easy to find. in 
addition, it is delightful to find an index that is both comprehensive 
and easy to use. My repeated attempts to find missing items and 
errors resulted in my becoming increasingly impressed that this index 
had been prepared with care and intelligence. 

As one might expect, there is a general tendency to emphasize 
surgery over other possible methods of treatment. This is reflected 
by relatively brief mention of such important innovations as percuta- 
neous drainage of abscesses under imaging control. The discussion 
of diffuse lung disease is particularly archaic: it retains the conven- 
tional concept that there are no particular differences in the images 
of the many diseases that can infiltrate the lungs diffusely. 

This text must be compared with the other standard thoracic 
surgery text, Gibbon’s Surgery of the Chest by Sabiston and Spencer. 
The Gibbon’s text includes far more detail concerning specific surgical 
procedures, including cardiovascular procedures, and is thus a much 
better reference for the specifics of how surgery is performed. It 
does, however, lack the basics and principles that are so well covered 
by Shields. The Gibbon’s text is also due for revision; its fourth edition 
was published in 1983. in general, Shields’ book seems preferable 
for basic and general information and for terse discussions of surgical 
procedures, whereas Gibbon’s is stronger in describing surgical 
specifics. 

Should a radiologist have a copy of General Thoracic Surgery on 
his or her bookshelf? The general answer is no, unless one has 
frequent, detailed discussions with thoracic surgeons (e.g., during 
thoracic surgery rounds and conferences). However, it is nearly as 
illuminating to remind ourselves of the point of view of our clinical 
colleagues as it is to know their practice, as well as our own. 
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Bronchial Impaction in Lobar 
Collapse: CT Demonstration and 
Pathologic Correlation 





Bronchial (or mucoid) impaction refers to the accumulation of inspissated secretions 
(mucus and/or inflammatory products) within a bronchus, usually accompanied by 
bronchial dilatation. This process may be caused by abnormal mucociliary transport and 
excessive production of mucus. In other cases, a discrete lesion may be present that 
obstructs the bronchus with inspissated secretions accumulating distal to the obstructing 
lesion. Lobar collapse may result in either case if a lobar bronchus is occluded by the 
excessive mucus or a discrete obstructing lesion. The CT manifestations of bronchial 
impaction in four patients with lobar collapse are described. In two patients, the lobar 
collapse and distal bronchial impaction were produced by a central obstructing bron- 
chogenic carcinoma, whereas the other two patients had an abnormal mucus accumu- 
lation without a discrete bronchial obstruction. On CT, the impacted bronchi, best seen 
on postcontrast images, appeared as relatively low-attenuation branching structures 
extending from the hilum peripherally into the more opaque enhancing atelectatic lung. 
In the three patients who had surgical resection of the involved lobe, pathologic 
examination confirmed the dilated bronchi, filled with mucus (one patient), fibrinopuru- 
lent exudate (one), or mucous plugs with Aspergillus hyphae (one). 

This unique pattern of impaction within a collapsed lobe should be recognized on CT 
and prompt a search for a possible central obstructing lesion. 
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Bronchial (or mucoid) impaction refers to the accumulation of inspissated secre- 
tions (mucus and/or inflammatory products) within a bronchus, usually accom- 
panied by bronchial dilatation [1-5]. This process may involve lobar or segmental 
bronchi and may be caused by abnormal mucociliary transport and excessive 
production of mucus (e.g., allergic bronchopulmonary aspergillosis, asthma, bron- 
chiectasis, cystic fibrosis). In other cases, a discrete lesion (e.g., brorichogenic 
carcinoma, bronchial atresia, tuberculous bronchostenosis) may be present that 
obstructs the bronchus with inspissated secretions accumulating distal to the 
obstructing lesion. In patients with a neoplasm obstructing the bronchus and 
causing bronchial impaction, the dilated distal bronchi may contain neoplastic cells 
in addition to or instead of inspissated secretions [2]. 

Lobar collapse may result if a lobar bronchus is occluded by either the excessive 
mucus or a discrete obstructing lesion [6, 7]. Little attention has been directed 
specifically to the recognition of bronchial impaction within a collapsed lobe [7]. 
The CT appearance of bronchial impaction associated with lobar collapse in four 
patients is described. 


Materials and Methods 


Lobar collapse in two of the four patients (two men and two women) was caused by a 
central bronchogenic carcinoma with bronchial impaction developing distal to the central 
tumor. The other two patients had excessive mucus occluding the bronchus (one with allergic 
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bronchopulmonary aspergillosis and one with nonspecific mucous 
plugging). The left lower lobe and left upper lobe were collapsed in 
two patients each. 

CT was performed on a Siemens Somatom DR3 (three patients) 
or EMI 7070 (one patient) with scanning times of 5 sec or less. 
Noncontrast contiguous scans were obtained during suspended in- 
spiration at 1-cm intervals throughout the thorax by using 8-10 mm 
collimation. In two patients, dynamic scanning also was performed at 
two preselected levels after the bolus administration of 50 mi of 
Conray 60 (Mallinckrodt, Inc., St. Louis, MO). In the remaining two 
patients a bolus of 50 m! of Conray 60 was administered, and the 
thorax was rescanned during a rapid infusion of 150 mi of Con- 
ray 60. 

Pathologic correlation was achieved via surgical resection (two 
lobectomy, one pneumonectomy) in three patients and by bronchos- 
copy in the patient with nonspecific mucous plugging. Pathologic 
specimens were inflated and fixed with 10% buffered formalin before 
sectioning. 


Results 


in all four patients, CT images obtained after IV contrast 
administration showed multiple low-attenuation tubular 


branching structures within the enhancing atelectatic lung 
(Figs. 1 and 2). The branching structures followed the course 
of bronchi and could be seen extending peripherally from the 
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hilum. When imaged in cross section they were oval or 
circular. Similar findings were barely perceptible in two of four 
patients on the noncontrast images. In two patients (one with 
bronchogenic carcinoma and one with allergic bronchopul- 
monary aspergillosis), dilated air-filled bronchi were seen also. 

in the three patients (two with bronchogenic carcinoma and 
one with allergic bronchopulmonary aspergillosis) who under- 
went surgical resection, the relatively low-density tubular 
branching structures seen on CT corresponded to dilated 
bronchi seen pathologically. Thickened bronchial walls seen 
pathologically in two patients could not be distinguished on 
CT from the adjacent enhancing atelectatic lung. In one 
patient with a centrally obstructing bronchogenic carcinoma 
resulting in lobar collapse, the distal bronchi were filled with 
mucus (Fig. 1). In the other patient with a centrally obstructing 
bronchogenic carcinoma, many of the distal bronchi were 
filed with fibrinopurulent exudate surrounded by areas of 
bronchopneumonia. Multiple mucous plugs containing a few 
scattered Aspergillus hyphae were seen in the patient with 
allergic bronchopulmonary aspergillosis (Fig. 2). 


Discussion 


Varying amounts of atelectasis may occur distal to obstruc- 
tion of a segmental or lobar bronchus. A combination of 


Fig. 1.—Left upper lobe collapse in broncho- 
genic carcinoma. 

A, Precontrast CT scan shows left upper lobe 
(LUL) collapse. AA = ascending aorta; DA = 
descending aorta; T = trachea. 

B and C, Postcontrast images at same level 
as A (B) and 1 cm caudad (C) show multiple low- 
attenuation branching structures (arrowheads) 
within atelectatic lung, as well as 3-cm mass (M) 
compressing left pulmonary artery (LPA). L = left 
mainstem bronchus. 

D, After left pneumonectomy, pathologic 
specimen was sectioned transversely. Patho- 
logic specimen is at a slightly different orienta- 
tion and ievel than B. Multiple, dilated, mucus- 
filled bronchi (arrowheads) are seen mostly in 
anterior segment of left upper lobe distal to 
central neoplastic mass (M). Bronchial walls are 
slightly thickened. Adjacent lung was firm and 
goiden brown from postobstructive pneumonia. 
Note more normal appearance of left lower lobe 
(LLL). L = left mainstem bronchus; P = left 
pulmonary artery. 
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A | B 


Fig. 2.--Left upper lobe collapse in allergic bronchopulmonary aspergillosis. 


C 


A, Postcentrast CT scan shows relatively low-attenuation tubular structure (arrowheads) extending from left upper lobe bronchus (LUL8). Subtle 
branching is seen peripherally. RPA = right pulmonary artery; AA = ascending aorta. 

B, CT scan at level of top of aortic arch (ARCH) shows multiple, dilated, air-filled bronchi within collapsed left upper lobe. 

C, Lobectumy specimen, sectioned sagittaily, shows multiple, dilated, thick-walled bronchi filled with mucus and air (arrowheads) adjacent to pulmonary 
artery branches. Focal areas of acute pneumonia (arrows) also are present. Several long strands of mucous plugs, which were removed from bronchi, 
showed segmental and subsegmental branching. Extensive bronchiolitis was seen microscopically. Histologic sections of mucous plugs showed scattered 


Aspergillus hwphae. 





Fig. 3.—Left lower lobe collapse in bronchogenic carcinoma. 


attenuation seft-tissue mass (large arrow) obstructing left lower lobe bronchus, 








Fig. 4.—Right lower lobe collapse in broncho- 
A, Postcortrast CT scan through level of right pulmonary artery (RPA) shows relatively low- genic carcinoma. Postcontrast CT scan shows 


resulting inleftiower multiple, relatively {fow-attenuation branching 


lobe collapse {arrowheads}. LSPV = left superior pulmonary vein; LPA = compressed left lower lobe _ structures (most consistent with dilated, mucus- 


pulmonary artery. 


filled bronchi) within enhancing collapsed right 


B, CT scan:through base of heart shows multiple low-attenuation branching structures (most likely lower lobe (arrowheads). More cephalad images 
representing mucus-filled bronchi) within enhancing collapsed left lower lobe (arrowheads). DA = showed large mass obstructing right lower lobe 


descending aerta. 


pathologic features in the lung (e.g.. mucous plugging, intraal- 
veolar fluid, interstitial pneumonitis, interstitial fibrosis, and 
infection) may account for the opacification seen on plain 
chest radiographs [8]. Mucous glands continue to function 
after an obs:ruction of a bronchus unless they are destroyed 
by tumor or infection [1]. Mucus is produced until the bronchial 
pressure exceeds the secretory pressure. Cilia transport the 
mucus proximally to the site of obstruction, where it overdis- 
tends the bronchi. Bronchiectasis and bronchiolectasis with 
mucous plugging were found distal to central obstructing 


bronchus. L = top of liver. 


neoplasms in 13 of 16 patients in one series [8]. Changes of 
bronchial impaction may be less apparent with neoplasms 
seen at an early stage or with only partial bronchial obstruc- 
tion. 

With segmental bronchial impaction, one or more tubular 
structures with the long axis pointing toward the pulmonary 
hilum are seen on chest radiographs or CT scans. In a review 
of 30 cases of bronchogenic carcinoma obstructing a seg- 
mental Dronchus, bronchial impaction was found in 12 (40%) 
[1]. Bronchial impaction distal to a bronchogenic carcinoma 
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partially obstructing a lobar or mainstem bronchus has been 
described also [4]. 

Bronchial impaction within a completely collapsed lobe 
usually is not visible on conventional chest radiographs be- 
cause the bronchi are surrounded by an airless lung. Several 
authors have described the CT features of lobar collapse and 
shown that CT may be useful in clarifying confusing plain film 
findings as well as in confirming the presence and extent of 
a proximal obstructing lesion [9-13]. A recent study of pul- 
monary atelectasis illustrated one case of bronchial impaction 
(‘mucous bronchograms”) on CT and described seeing it in 
12 of 20 patients with central hilar masses and distal atelec- 
tasis [7]. 

Bronchial impaction was not described in early CT studies 
of lobar collapse [9-11]. This, in part, may be because IV 
contrast material often was not used. We have shown that 
differentiation between the dilated bronchi and adjacent at- 
electatic lung was accentuated by the administration of IV 
contrast material. The atelectatic lung enhanced relative to 
the inspissated secretions within the dilated bronchi. Because 
of the small number of patients in this study, the optimal 
technique for demonstrating these findings could not be as- 
sessed. Conceivably, bronchial impaction might be difficult to 
see within a collapsed lobe despite the proper use of IV 
contrast material. Obstruction of the blood supply to the 
collapsed lobe by tumor might prevent adequate enhance- 
ment of the atelectatic lung. Associated abscess or necrosis 
within the collapsed lobe could obscure the findings of mucoid 
impaction on CT because that region would enhance relatively 
less than the more normal surrounding parenchyma. 

Two of our four cases of bronchial impaction were caused 
by bronchogenic carcinoma. Several other cases suggestive 
of bronchial impaction in patients with an obstructing bron- 
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chogenic carcinoma and lobar collapse have been seen at our 
institution, but these patients did not undergo surgical resec- 
tion (Figs. 3 and 4). Abnormal secretion of mucus or mucoci- 
liary transport also can demonstrate this finding without a 
central bronchial mass or obstruction [7]. 
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Fibrosing Mediastinitis in the Posterior Thorax 


Paul D. Keuntz,’ Paul L. Molina, and Stuart S. Sagel 


Fibresing mediastinitis and retroperitoneal fibrosis are rare 
conditions cf uncertain cause in which proliferating connective 
tissue encases and compresses adjacent structures. Some 
cases have been associated with a malignant neoplasm, 
infection, drug ingestion (e.g., methysergide), or retroperito- 
neal hematcma and thus are considered by many to represent 
an autcimmune hypersensitivity response to various antigens 
[1]. Mediastinal fibrosis typically presents as a middle medias- 
tinal and/or hilar mass [2, 3]. A unique case is described that 
manifested initially as a predominantly posterior mediastinal 
mass and subsequently extended into adjacent pulmonary 
parenchyma: and the retroperitoneum, and developed other 
manifestatioas of a systemic fibrosclerosis syndrome. 


Case Repor! 


A 63-year-cid man presented initially with complaints of chronic 
mild dyspnea, coughing, and occasional hemoptysis. Relevant medi- 
cal history included a 50-pack-year history of smoking, lifelong resi- 
dence in the Mississippi River Valley, and Peyronie disease. Physical 
examination was remarkable only for mild bilateral wheezes. Sero- 
logic tests for recent exposure to Histoplasma, Aspergillus, Blasto- 
myces, and Corcidioides were negative, as was a second-strength 
tuberculireskin ‘est (with positive controls). Chest radiographs at that 
time revealed & posterior mediastinal mass. Evaluation by CT (Figs. 
1A and 1B) showed a soft-tissue mass in the posterior mediastinum 
that contained scattered foci of calcification. The mass extended from 
just below. the aertic arch into the retrocrural space, but not below 
the celiac trunk. Percutaneous needle biopsy and subsequent biopsy 
at thoracctomy: confirmed the diagnosis of sclerosing mediastinitis 
with extension into the adjacent pulmonary parenchyma. 

The patent was treated conservatively with bronchodilators, but 
his symptoms progressed minimally over the next 3 years. On read- 
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mission, chest radiography revealed an 8 x 18 cm irregular, posterior 
mediastinal mass with streaky bilateral extension into the adjacent 
pulmonary parenchyma (Figs. 1C and 1D). There was no osseous 
involvement. A second CT study (Figs. 1E and 1F) documented 
progression of the fibrosis during the 3-year interval. The mass 
contained extensive calcification and involved the posterior medias- 
tinum from the thoracic inlet and extended caudally through the 
retroperitoneum to the level of the aortic bifurcation. The bronchus 
intermedius and, to a lesser extent, the bronchus of the left lower 
lobe were narrowed. Ventilation-perfusion scintigraphy confirmed 
significant obstructive ventilatory abnormality of the right middle and 
lower lobes. Nevertheless, there remained little involvement of the 
middie mediastinum or hila and no significant compression of the 
superior vena cava. The esophagus appeared normal on barium- 
swallow examination. 


Discussion 


Idiopathic mediastinal fibrosis may be a localized manifes- 
tation of a group of systemic fibrosclerosing syndromes, 
including retroperitoneal fibrosis, sclerosing mediastinitis, 
sclerosing cholangitis, systemic sclerosis, Riedel thyroiditis, 
Peyronie disease, and tumefactive inflammatory lesions of the 
head and neck [1, 4]. Involvement of more than one organ 
has been termed multifocal fibrosclerosis [5]. The features of 
our case support this concept of multiple manifestations of a 
common underlying fibrosclerotic predisposition. The patient 
had been treated for Peyronie disease 15 years before, pre- 
senting with mediastinal fibrosis, and later developing pul- 
monary parenchymal and retroperitoneal involvement. Al- 
though no specific cause was identified, prior infection by 
Histoplasma capsulatum is most likely because it is the com- 
monest proved cause of fibrosing mediastinitis [6], and normal 


‘All authors: Mallinckrodt Institute of Radiology, Washington University School of Medicine, 510 S. Kingshighway Bivd., St. Louis, MO 63110. Address reprint 


requests to F. L. Molina. 


AJR 153:489-490, September 1989 036 1-803X/89/1533-0489 © American Roentgen Ray Society 


“ wi : 





F 


Fig. 1.—A, Contrast-enhanced CT scan at level of carina shows a large bilateral paraspinal soft-tissue mass (arrowheads) containing scattered 


calcifications and encasing descending aorta (A). 


B, At level of renal hila, fat planes around aorta and inferior vena cava are preserved. No fibrotic mass was identified at any level in retroperitoneum. 
C and D, Posteroanterior (C) and lateral (D) chest radiographs show large irregular mass extending from posterior mediastinum into adjacent pulmonary 


parenchyma bilaterally. 


E, Non-contrast-enhanced CT scan at level of carina 3 years after study in A and B. Mass has enlarged and extends more laterally into hemithoraxes. 
Dense, irregular calcifications within mass have also increased. A = aorta with extensive atherosclerotic calcification. 
F, At level of renal hila, aorta is now surrounded by a homogeneous soft-tissue-density mass. A caval umbrella had been placed after an episode of 


deep venous thrombosis in lower extremity. 


serologic findings do not necessarily exclude this possibility. 
Furthermore, Histoplasma is endemic in the Mississippi River 
Valley. 

The atypical chest radiographic findings of a primarily pos- 
terior mediastinal mass undoubtedly account for the absence 
of clinical findings usually associated with extensive medias- 
tinal fibrosis (e.g., superior vena cava syndrome or esopha- 
geal obstruction). Occasionally, pulmonary parenchymal in- 
volvement may be associated with mediastinal fibrosis. In this 
reported case, the radiographic and histologic evidence of 
direct extension of the mediastinal mass into adjacent lung is 
unusual. The serial CT scans show interval incorporation of 
contiguous lung parenchyma into the progressive fibrotic 
process. Recognition of this atypical pattern of mediastinal 


fibrosis may be important in differentiating this condition from 
other causes of masses in the posterior thorax. 
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MR Imaging of Congenitally Corrected Transposition of the 


Great Vessels in Adults 


Jae Hyung Park,’ Man Chung Han, and Chu-Wan Kim 


Congenitally corrected transposition of the great vessels is 
a rare congenital heart disease in which atrioventricular dis- 
cordance-énd transposition of the great arteries occur [1]. In 
the absence of associated anomalies, or in the case of mild 
hemodynamic derangement with the anomalies, the disease 
often is not suspected clinically until adulthood [1, 2]. 

The diaguosis of congenitally corrected transposition of the 
great vesse’s in adults can be suspected on the basis of plain 
chest radiography, electrocardiography, and echocardiogra- 
phy [2]. Recently, MR imaging has been applied in the diag- 
nosis of various congenital heart diseases, facilitating nonin- 
vasive diagnosis because of the good anatomic delineation it 
provides [3, 4]. 

We retrospectively analyzed MR findings in eight adults 
with this detect. 


Materials aad Methods 


ECG-gatec MR imaging was performed in eight adult patients with 
congenitally corrected transposition of the great vessels. Six were 
men and twa were women. Their age range was 18 to 45 years. 
Cineangiocardiegraphy was done in all patients. Six patients had 
situs solitus, and two had situs inversus. Associated anomalies 
included ventecular septal defect (three patients), atrial septal defect 
(three patients). and pulmonary stenosis (two patients). 

MR imaging was performed with a 0.15-T resistive unit (KAIST, 
Seoul, Korea) in four cases and with a 2.0-T superconducting system 
(Spectro-200€), Gold Star, Korea) in four cases. An ECG-gated 
multislice technique was used to obtain transverse, sagittal, and 
coronal images in all cases. Repetition time (TR) was gated to the R- 
R interval, with: a range of 600-1000 msec, and echo time (TE) was 





30 msec. The reconstruction matrix was 128 x 256. The signal was 
averaged two times; the spatial resolution was 1.6 mm. Slice thick- 
ness was 10 mm, and the interslice gap was 3 mm. 


Results 


MR images in six patients showed the left transposed 
ascending aorta along the upper left cardiac border (Fig. 1). 
The left atrial appendage occupied the lower left cardiac 
border in four cases, covering the free lateral wall of the 
morphologic right ventricle (Fig. 1). In one case, the lower left 
cardiac border showed double convexities caused by the left 
atrial appendage. The upper right cardiac border was com- 
posed of superior vena cava in five cases. The right atrial 
appendage was found at the upper right cardiac border in 
three cases. 

MR images showed coarse trabeculation in the morpho- 
logic right ventricle, and fine trabeculation in the morphologic 
left ventricle, especially in coronal images (Fig. 2). In three 
cases, transverse images showed the moderator band cross- 
ing the morphologic right ventricle (Fig. 2). In five patients, 
transverse images showed valvular attachment to the atrio- 
ventricular septum. In one patient, the septal leaflet was 
displaced toward the apex of the ventricle, suggesting Ebstein 
anomaly of the morphologic right ventricle (Fig. 3). Discordant 
connections of the great vessels to the ventricles were iden- 
tified in all cases (Figs. 1-3). The ascending aorta arose 
anteriorly from the left ventricle in seven cases. All cases had 
associated findings of atrial septal defect, ventricular septal 
defect, and valvular pulmonary stenosis (Fig. 2). 
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Fig. 1.—30-year-old man with congenitally corrected transposition of 
great vessels. 

A, Chest radiograph shows typical convexity along upper left cardiac 
border. 

B, Transverse MR image shows anterolaterally transposed ascending 
aorta (arrow), forming upper left cardiac border. 

C, Lower transverse MR image shows left atrial appendage lateral to 
morphologic right ventricle. Note epicardial fat containing coronary artery 
(arrow) between cardiac structures. 

D, Coronal MR image shows structures composing left cardiac border 
on chest radiograph. Left atrial appendage (solid arrow) is surrounded by 
epicardial fat, covering lateral aspect of morphologic right ventricle. Right 
atrial appendage is seen in upper right cardiac border (curved arrow). An 
associated ventricular septal defect is evident (open arrow). 
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Fig. 2. 18-year-old man with congenitally corrected transposition of 
great vessels. 

A, Preoperative chest radiograph shows gastric air bubble under right 
hemidiaphzagm, suggesting situs inversus. 

B, Postoperative transverse MR image shows moderator band {solid 
arrow) in apical area of morphologic right ventricle. Lateral border is 
occupied ty right atrial appendage (open arrow). 

C, Corowal MR image shows difference of trabeculation of ventricles. 
Note irregularity of septal surface (solid arrow) of morphologic right ven- 
tricle, compared with smoothness of left ventricular septum. Venous atrial 
appendage composes upper left cardiac border (open arrow). 

D, Corosal MR image shows left superior vena cava draining into left- 
sided vencus atrium. A hepatic vein (arrow) drains into inferior vena cava, 
which eventually drains into left-sided atrium. 
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Discussion 


Cardiac morphology, visceroatrial situs, and the relationship 
of the ventricles and the great vessels can be detected by 
MR imaging to diagnose congenitally corrected transposition 
of the great vessels in adults [4]. In addition, ECG-gated 
cardiac MR imaging delineates the specific anatomic struc- 
tures composing the cardiac contours on plain chest radio- 
graphs. MR imaging also can show both atrioventricular 
valves, not only to identify both ventricles but also to show 
Ebstein anomaly of the tricuspid valves in the morphologic 
right ventricle. 
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Fig. 3.—28-year-old man with congenitally corrected transposition of 
great vessels. 

A, Chest radiograph shows a normal cardiac contour. 

B, MR image shows anteroposterior relation of great vessels due to 
transposition. Ascending aorta (arrow) is posterior to pulmonary artery. 

C, Transverse MR image shows difference of valvular attachment to 
atrioventricular septum. Septal leaflet of tricuspid valve (arrow) of morpho- 
logic right ventricle is attached more anteriorly toward cardiac apex than 
that of mitral valve, suggesting presence of an associated Ebstein anom- 
aly. 
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Case Report 





MR Diagnosis of Lipomatous Infiltration of the Interatrial 


Septum 


Kenneth A. Kaplan’ and Matthew D. Rifkin 


Lipomatous infiltration of the interatrial septum is associ- 
ated with obesity and advancing age, and it has been identi- 
fied as a cause of supraventricular arrhythmias in elderly 
people [1-3]. The diagnosis of this entity has been limited, 
until recertly, to pathologic and histologic observations at 
autopsy. Im this report, we describe the MR imaging findings 
and in viwo diagnosis of an unusual case of lipomatous 
infiltration of the interatrial septum with encasement, 
compression, and deviation of the superior vena cava by 
paracardiac extension of the lipomatous mass. 


Case Repart 


A 69-year-old mildly obese woman with an 11-year history of 
congestive heart failure presented with a chief complaint of palpita- 
tions and worsening dyspnea on exertion during a 2-week period 
before admission. Physical examination revealed an irregular cardiac 
rhythm with @ rate of 120-140 beats per minute and a li/VI systolic 
murmur at the left sternal border. Auscultation of the lungs revealed 
bibasilar rales. The rest of the physical examination was unremark- 
able. An ECS obtained on admission revealed multifocal atrial tachy- 
cardia. Subsequent ECGs obtained over a 1-week hospital stay 
revealed rhy:hms ranging from atrial fibrillation, to wandering pace- 
maker, to abundant atrial premature contractions. A chest radiograph 
showed mocerate cardiomegaly. Two-dimensional echocardiography 
showed marxed hypertrophy of the interatrial septum of uncertain 
cause and significance. 

Further investigation of the echocardiographic findings was under- 
taken with ECG-gated MR imaging. The MR imaging study was 
performed with a 1.5-T superconducting magnet (GE Signa, Milwau- 
kee, WI). Cardiac-gated MR images were obtained in axial and coronal 
planes by using multiple spin-echo pulse sequences. T1-weighted 
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images revealed homogeneous high signal intensity within a markedly 
thickened interatrial septum, which measured approximately 4 cm in 
maximal transverse diameter. The posterior walls of the right and left 
atria also were infiltrated by the same process (Fig. 1A). Furthermore, 
paracardiac extension of the mass resulted in encasement, compres- 
sion, and lateral deviation of the superior vena cava; however, signal 
void in the vessel suggested that there was neither significant fixed 
obstruction to caval blood flow nor intracaval extension (Figs. 1B- 
1D). The signal characteristics of the mass were comparable to 
subcutaneous and subepicardial adipose tissue, namely, high signal 
on T1-weighted images (Figs. 1A-1C) and intermediate signal on T2- 
weighted images (Fig. 1D). Therefore, the lesion was felt to represent 
lipomatous hypertrophy of the interatrial septum with fatty infiltration 
of the posterior wails of the atria and paracardiac extension resulting 
in encasement of the superior vena cava. 


Discussion 


Lipomatous infiltration/nypertrophy of the interatrial septum 
has been identified as a cause of supraventricular arrhythmias 
in obese, elderly patients [1-3]. Documentation of this entity 
has, until recently, been limited to autopsy studies. Cases of 
in vivo diagnosis are reported rarely in the medical literature 
[4, 5]. Although a histologic diagnosis is not available for the 
present case, we believe that the MR appearance of this 
lesion is characteristic, if not pathognomonic, of lipomatous 
infiltration of the interatrial septum. Recent studies suggest 
that cardiovascular MR imaging may be able to provide as 
much clinical information as echocardiography, CT, and an- 
giography combined in the evaluation of cardiac and paracar- 
diac masses [6-8]. Our report supports this premise. 
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A two-dimensional echocardiogram showed thickening of 
the interatrial septum and increased echogenicity in the pos- 
terior walls of the right and left atria. However, the cause and 
significance of these findings were not readily apparent. A 
contrast-enhanced CT scan, obtained after MR characteriza- 
tion of the lesion, did not provide any additional diagnostic 
information and did not have the advantage of assessment in 
the coronal plane. In summary, MR imaging was able to (1) 
greatly expand on the echocardiographic anatomic findings, 
(2) provide tissue characterization of the lesion, (3) evaluate 
the paracardiac extent of the lesion in both axial and coronal 
planes, and (4) assess the effect of the lesion on blood flow 
in the superior vena cava. 

MR imaging is rapidly gaining acceptance as a powerful 
diagnostic imaging technique in the evaluation of cardiovas- 
cular disease [6-8]. The multiplanar capabilities, high degree 
of intrinsic soft-tissue contrast, and ability to evaluate me- 
diastinal vasculature on an anatomic and physiologic level 
make MR imaging well suited for cardiovascular imaging. In 
the case presented here, MR imaging offered a noninvasive 
means of making a tissue diagnosis of a clinical entity formerly 
limited to the realm of the surgeon or pathologist. Although 
this is by no means a histologic diagnosis, MR tissue char- 
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Fig. 1.—A, Ti-weighted (570/20), 
ECG-gated axial MR image shows high 
signal intensity in atrial septal mass 
and adjacent thickened posterior walls 
of right and left atria. Mass is homo- 
geneous and isointense to subepicar- 
dial fat, but has generally higher signal 
intensity than inhomogeneous subcu- 
taneous fat. 

B-D, T1-weighted (870/20), ECG- 
gated coronal (B) and axial (C) MR 
images and a T2-weighted (1846/70), 
ECG-gated axial MR image (D) show 
encasement, compression, and lateral 
deviation of superior vena cava by 
mass. C and D show signal character- 
istics of lesion on T1- and T2-weighted 
images, respectively. A crescent of 
high signal seen anterior to aorta and 
pulmonary artery on T2-weighted im- 
age (D) represents pericardial fluid. 
Signal void is noted in superior vena 
cava, cardiac chambers, and great ves- 
sels on all images. 

Ao = aorta, Br = brachiocephalic 
artery, L = lung, LA = ‘eft atrium, LCC 
= left common carotid artery, LV = left 
ventricle, M = atrial septal mass, PA = 
pulmonary artery, pf = pericardial fluid, 
RA = right atrium, RV = right ventricle, 
sc = subcutaneous fat, se = subepi- 
cardial fat, SVC = superior vena cava. 


acterization not only provided an anatomic basis for the 
patient's cardiac rhythms, but also may have circumvented 
the need for invasive diagnostic studies. 
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MR Appearance of Gallstones in 
Vitro at 1.5 T: Correlation with Chemical 
Composition 





Gallstones from 63 patients were evaluated by in vitro 1.5-T MR imaging, with T1- and 
T2-weighted images, and in 14 cases, a fat-suppression sequence (short-T1 inversion 
recovery imaging). Subsequent chemical analysis was performed on 43 gallstones. In 
vitro proton MR spectroscopy was performed on 14 stones. On T1-weighted MR images, 
foci of increased signal were seen in 46 of 63 stones (faint in 17, moderate in nine, and 
bright in 20). T2-weighted images showed areas of increased signal in 18 of 63 stones 
(faint in 15, moderate in three). T1-weighted MR imaging patterns were homogeneously 
dark (17), homogeneously bright (two), homogeneously faint (three), rimmed (dark rim 
and bright center, 32), and laminated (nine). Short-T1 inversion recovery imaging 
suppressed the foci of increased signal in 13 of 14 cases. Despite imaging character- 
istics suggestive of high lipid content, spectroscopy revealed only a single peak 
corresponding to a large water-proton signal. The T1 relaxation times of the water were 
shortened, ranging from 0.006 to 0.92 sec, explaining the increased signal seen on MR 
images of the gallstones. 

MR imaging characteristics (signal intensity, relative signal area, or imaging patterns) 
did not correlate with chemical composition. We hypothesize that different structural 
relationships must exist within gallstones of similar chemical content that alter the water 
bonding and hence the MR imaging characteristics. 
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The development of nonsurgical gallstone therapies such as chemical dissolution 
and extracorporeal shock-wave lithotripsy has generated renewed interest in the 
use of imaging procedures to predict gallstone composition and susceptibility to 
such nonoperative therapies. Although sonography has become the accepted 
standard for diagnosing cholelithiasis, it cannot be used to differentiate among 
gallstone types [1, 2]. Preliminary studies have shown that CT can be used to 
predict gallstone chemical composition [3, 4] and susceptibility to chemical disso- 
lution [3, 5]. 

Limited low-field-strength MR investigations have shown increased gallstone 
signal in a minority of gallstones [6, 7]. No prior reports have studied whether the 
MR appearances of gallstones correlate with gallstone chemical composition. We 
undertook this in vitro study to investigate the MR appearances of gallstones at 
1.5 T and to determine whether these MR gallstone signals correlate with gallstone 
chemical composition. 


Materials and Methods 


Gallbladder stones removed surgically from 63 consecutive patients were maintained in 
normal saline until undergoing MR imaging, MR spectroscopy, and chemical analysis. One 
gallstone from each patient was selected for imaging studies. In patients with multiple stones, 
the stone to be imaged was selected randomly. Gallstone size varied from 2 to 32 mm in 
maximal diameter. 
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MR Imaging 


Gallstones were placed in a normal saline suspension within indi- 
vidual chambers of a custom Plexiglas and water body phantom. 
Because the in vivo MR signal-intensity characteristics of bile are 
known to vary with hydration state and concentration of bile [8], 
normal saline was chosen as a suspension agent within the phantom 
to standardize the background MR signal intensity. MR images were 
obtained with a 1.5-T GE SIGNA scanner with T1-weighted, 600/25 
(TR/TE), and T2-weighted, 2000/80, spin-echo sequences. A short- 
T1 inversion recovery (STIR) sequence, 2000/40/110 (TR/TE/TI), 
with the inversion time chosen to optimize fat-signal suppression, 
was used to investigate further the foci of increased signal intensity 
seen within gallstones from 14 patients. All sequences were per- 
formed in the body coil with two excitations, a 30-cm field of view, 
and a 256 x 128 matrix. 

Gallstone images were analyzed for the presence, intensity, and 
area of visualized MR signal, as well as the organization of MR signals 
into imaging patterns. 


Gallstone Signal Intensity 


Galistones were evaluated with T1- and T2-weighted sequences 
for foci of increased MR signal when compared with the dark MR 
signal void also seen in most gallstones [6, 7]. Also in order to 
compare signal intensities, the gallstone signal intensity was mea- 
sured and compared with the intensity of the surrounding saline, 
resulting in a stone/saline signal-intensity ratio for each gallstone on 
both T1- and T2-weighted images. If the intensity of gallstone MR 
signal varied throughout a stone, it was measured at its most intense 
region (single pixel). A large circular region of interest excluding the 
gallstone was used to obtain an average signal intensity for the 
surrounding saline. For purposes of comparing our findings with those 
of prior studies (6, 7], stones were grouped by T1 signal-intensity 
ratios as follows (Fig. 1): dark (stone/saline signal-intensity ratio < 
0.40), faint (stone/saline signal-intensity ratio 0.40-0.60), moderate 
(stone/saline signal-intensity ratio 0.61-1.05), and bright (stone/saline 
signal-intensity ratio > 1.05). These corresponded to visually apparent 
grouping of gallstone signal intensities. 


Gallstone Signal Area 


The area of the visibly increased gallstone signal on T1-weighted 
images was compared with the area of the entire stone. The relative 
area of higher intensity gallstone signal was estimated on the basis 
of the proportion of the diameter of visualized signal to the total stone 


AJR:153, September 1989 


diameter (Fig. 2). Visualized signal with a diameter less than 25% of 
the stone diameter was classified as small. A medium-sized signal 
comprised 26-50% of stone diameter. Gallstones with a large signal 
were those comprising more than 50% of stone diameter, retaining, 
however, areas of signal void. When the increased signal occupied 
the entire stone without areas of signal void, the area of increased 
signal was considered total. 


Gallstone MR Patterns 


Galistones were categorized into one of five patterns determined 
by their T1-weighted MR images (Fig. 3): dark (homogeneously dark 
stones with stone/saline ratio < 0.40), rimmed (visibly increased 
central signal intensity with a stone/saline ratio = 0.40 and a sur- 
rounding rim of signal void), laminated (more compiex variations of 
alternating layers of visible signal and signal void), homogeneously 
bright (homogeneously bright gallstone signal without regions of 
signal void), and homogeneously faint (homogeneously faint gallstone 
signal without a peripheral rim of signal void). 


MR Spectroscopy 


Proton MR spectroscopy was performed on 14 stones with a 2-T 
GE CSI imager/spectrometer. Stones were chosen to represent the 
spectrum of gallstone imaging appearances. Stones were dried with 
forced air for 60 sec and placed directly within a four-turn 2-cm 
solenoid coil to obtain spectra. T1 relaxation times were measured 
with this same system by using a standard inversion recovery se- 
quence with eight or nine increments of time delay between the 180° 
and 90° RF pulses. T1 values were obtained by fitting peak heights 
with a three-parameter function by using a nonlinear least squares 
algorithm (provided as part of the GEMCSI software for the GE CSI 
imager/spectrometer). 


Chemical Analysis 


After imaging, 43 stones were selected as representative of the 
different MR patterns of signal distribution and of signal intensity; 
these stones underwent subsequent chemical analysis. Each gall- 
stone was pulverized and desiccated to constant weight. Dried 
gallstone powder was then extracted with acidified methanol-chloro- 
form mixture (1:1; v/v). The insoluble material (residue) was desic- 
cated to dry weight and was not analyzed further. Cholesterol was 
measured by the method of Abell et al. [9]. Calcium was determined 
by atomic absorption spectrometry. Composition was expressed as 
milligrams per gram of dry initial weight. 





A B 
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Fig. 1.—Spectrum of gallstone MR signal intensities seen on in vitro T1-weighted MR images. 


A, Dark: The maximai ratio of galistone/saline signal intensity is <0.4. 


B, Faint: This gallstone shows a rimmed pattern with faint increased signal in center. Maximal stone/saline signal-intensity ratio is 0.46. 
C, Moderate: This gallstone shows moderate central signal intensity. Maximal stone/saline signal-intensity ratio is 0.8. 
D, Bright: This gallstone shows bright central signal intensity. Maximal stone/saline signal-intensity ratio is 1.6. 
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Fig. 2.—3ize (area) of increased gallstone signal intensity on T1-weighted MR images was estimated by comparing diameter of area of visible increased 
MR signal with entire gallstone diameter. An area of increased signal <25% was considered small (A); areas of 25-50% were considered medium (B) 
and 51-99%, large (C). When area of increased MR signal occupied entire gallstone without areas of signal void, area was considered total (D). 


Fig. 3.—Gallstone patterns seen on in vitro T1-weighted MR images 





F G 


A, Homogeneously dark: All areas of galistone had a gallstone/saline signal-intensity ratio tess than 0.4. 

B, Homogeneously faint: Homogeneously low signal intensity with maximal galistone/saline signal-intensity ratio of 0.4-0.6. 

C, Rimmec: Gallstone has areas of visible increased signal intensity surrounded by a peripheral rim of signal void. 

D and E, Laminated: Gallstone shows more complex variations of alternating layers of increased and low signal intensities. Peripheral layer may be of 


increased signal intensity (E). 


F and G, Hamogeneously bright gallstone without a rim of signal void is shown on T1-weighted image (F). T2-weighted image of this stone (G) showed 


no visible sigsal. 


Statistical Aralyses 


All correlation coefficients mentioned in this study refer to tne 
Pearson product-moment correlation coefficient. 

Analysis cf variance was used to test for statistically significant 
differences among gallstone groups for cholesterol, calcium, and T1 
relaxation tire. 


Results 
MR Galistore Appearances 


All gallstanes could be visualized within the saline bath on 
both Tt- amd T2-weighted images. T1-weighted images re- 
vealed foci cf increased signal intensities in 46 of 63 gallstones 


(faint, 17; moderate, nine; bright, 20), and no signal (dark) in 
17 of 63. T2-weighted images showed visible increased signal 
intensities in 18 of 63 gallstones (faint, 15; moderate. three). 
In all but one stone, the gallstone/saline signal-intensity ratio 
was greater on the T1- than on the T2-weighted images. The 
visualized MR signal patterns on T1-weighted images were 
dark (17), rimmed (32), laminated (nine), homogeneously 
bright (two), and homogeneously faint (three). 

A STIR sequence was used to examine stones from 14 
patients that had shown increased T1 signal intensity (faint, 
two; moderate, four; bright, eight). The STIR sequence sup- 
pressed the signal in 13 of 14 stones (Fig. 4). One stone with 
faint T1 signal showed similar faint signal intensity with the 
STIR sequence. 
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Correlation with Chemical Analysis 


Poor correlation was found between cholesterol concentra- 
tion within gallstones and the gallstone/saline signal-intensity 
ratio from T1-weighted (r = .06) or T2-weighted (r = .22) 
images (Fig. 5). 

Poor correlation existed between calcium content within 
gallstones and galistone/saline signal-intensity ratio from T1- 
weighted (r = .10) or T2-weighted (r = .17) images (Fig. 6). 

A comparison of chemical composition among gallstones 
grouped by MR pattern is shown in Table 1. There were wide 
variations of chemical contents within each MR pattern. Analy- 
sis of variance showed no significant difference in cholesterol 
(p = .70) or calcium (p = .76) content among stones grouped 
by MR pattern. 

A comparison of the MR signal area with chemical compo- 
sition is shown in Table 2. Again, wide variations of chemical 
composition were seen within each group. Analysis of vari- 
ance showed no significant difference in calcium (p = .77) or 
cholesterol (p = .96) content among stones grouped by MR 
signal area. 
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TABLE 1: Cholesterol and Calcium Content vs Gallstone MR 


Pattern 





Mean Cholesterol 





MR Pattern (No.) in mg/g in mg/g 

(1 SD) (1 SD) 

Dark (15) 748 (271) 27 (51) 
Rimmed (17) 735 (199) 18 (29) 
Laminated (6) 858 (105) 6 (3) 
Homogeneous bright (2) 825 (185) 5 (5) 
Homogeneous faint (3) 659 (229) 13 (13) 





Mean Calcium 
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Proton MR Spectroscopy and T1 Measurements 


Fourteen stones were selected for proton MR spectros- 
copy. The MR gallstone patterns investigated included dark 
(seven), laminated (two), rimmed (four), and homogeneously 
bright (one). All fourteen stones undergoing spectroscopy 
showed only a single peak corresponding to a large water- 
proton signal (Fig. 7). No other peaks were identified on 
spectra of any of the stones tested. 





Fig. 4.—Effect of short-T1 inversion recovery (STIR) sequence on gallstone signal intensity. 


A, T1-weighted sequence with several gallstones from each patient placed within individual chambers of the body phantom. Gallstones in two chambers 
(black arrows) show bright central signal intensity. Note that a lipid capsule (white arrows) applied externally to phantom shows bright signal intensity. 

B, Same gallstones in phantom as in A. T2-weighted sequence shows central galistone intensity (white arrowheads) to have decreased markedly to a 
faint level. Signal intensity in lipid capsule (white arrows) also has decreased markedly. 

C, Same galistones in phantom as in A and B. STIR sequence shows absence of visible signal within galistones (arrows), as weil as from lipid capsule 
(located under the identifying series data in the same location as in A), indicating optimal fat suppression. 
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Fig. 5.—Graph shows poor correlation between cholesterol content and 
gallstone/saline signal-intensity ratio on T1-weighted MR images. 


Fig. 6.—Graph shows poor correlation between calcium content and 
gallstone/saline signal-intensity ratio on T1-weighted MR images. 
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TABLE 2: Correlation of MR Signal Area with Gallstone 
Chemical Composition 





Mean Calcium 
Content in mg/g 


Mean Cholesterol 


Galistor2 Signal Content in mg/g 





AreadNo.) (1 SD) k SD) 
Dark 015) 748 (271) “27 ( (51) 
Small 2) 683 (171) 12 (12) 
Medium (13) 760 (198) = (33) 
Large 9) 800 (182) 8 (8) 
Total 5) 725 (207) 10 (11) 





Measurements of the T1 relaxation times of the water peak 
from the #4 stones on the GE CSI spectrometer ranged from 
0.006 to 4.98 sec (mean = 0.27 sec), with a saline control 
measuring 2.8 sec. Table 3 shows the mean T1 relaxation 
times for each signal-intensity group of the 14 stones tested. 
Of stones with any increased signal seen on T1-weighted 
images, there was a decrease in the mean T1 relaxation time 
with increasing T1 signal intensity. However, three homoge- 
neous dak stones had the shortest T1 relaxation times 
(0.006~0.019 sec), with the T1 values of the other four dark 
stones averaging 0.411 sec (0.11-0.92 sec). Gallstone T1 
relaxation time measurements correlated poorly with either 
cholestere! (r = .3) or calcium (r = .4) content. 








Fig. 7.—Tvpical proton MR spectrum of gallstone showing a single, 
broad water peak at 4.7 ppm. Region of expected lipid signal (0-2.5 ppm) 
is magnified- 32 times and shows lack of any lipid signal. 


TABLE 3: Gallstone T1 Relaxation Time Values 





Gailstone Mean T1 Relaxation 
Intensty (No.) Time in sec (1 SD) 
Dark (7) 0.230 (0.34) 
Faint (1) 0.980 
Moderate (2° 0.255 (0.13) 
Bright (4) 0.153 (0.07) 
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Discussion 


There have been few reports of MR imaging characteristics 
of gallstones. In an in vitro study at 0.35 T, Moon et al. [6] 
reported that most gallstones were visualized as a signal void, 
and only 17% of stones showed faint increased signal seen 
centrally within gallstones. More recently, Moriyasu et al. [7], 
also using low-field-strength MR (0.2 T), reported in vivo 
strong central signal intensity in six of 34 gallstones and 
concluded that these signals were due to water-filled cavities 
within mixed-type gallstones with high cholesterol ccntent. 
Neither study, however, correlated galistone MR signal inten- 
sity or pattern with chemical composition. 

Unlike these prior MR studies, we found gallstones to 
exhibit a variety of MR imaging patterns. The present study 
also showed a visibly increased gallstone signal on T1- 
weighted images in 73% of gallstones, compared with 17- 
18% reported by other investigators [6, 7]. Several factors 
may explain this difference. Both prior studies used low-field- 
strength MR imaging rather than the high-field 1.5 T used in 
the current study. In addition, Moriyasu et al. [7] noted that 
visualized central signals in gallstones were more intense in 
vitro than in vivo. Still, the investigations by Moon et al. [6], 
also performed in vitro, found only 17% of stones to have 
faint central signals. Gallstones in the study by Moon et al. 
also had been desiccated and then rehydrated before their 
investigations, which could affect the MR appearances. Dif- 
ferent populations of patients with underlying physiologic 
differences aiso may affect stone structure, composition, and 
MR appearance. Thus, the factors that influence the MR 
appearances of gallstones are varied and complex, and com- 
parison of different study populations may be difficult. 

We also found differences in the location of the visualized 
MR signals within gallstones compared with gallstones de- 
scribed in prior studies. Although most galistone MR signals 
in our study were central in location and surrounded by a rim 
of signal void, other less common locations were seen. Five 
stones showed a homogeneous increase in signal intensity 
on T1 images (faint, three; bright, two), and three laminated 
stones had peripheral rims of increased T1 signal (Fig. 3). 
These MR appearances are not consistent with the hypoth- 
esis of Moriyasu et al. [7] that gallstone MR signals result 
from water accumulating within a central cavity of galistones. 

The predominant MR imaging characteristics of gallstones 
at 1.5 T (brightest on T1-weighted images, less bright or dark 
on T2-weighted images, and suppressed on STIR sequence 
images) reflect shortening of T1 and T2 relaxation times and 
simulate the imaging characteristics of fat or lipids. However, 
our spectroscopy data showed only a water signal and no 
significant lipid signal. This apparent conflict between the 
imaging and spectroscopic characteristics is explained by the 
gallstone T1 relaxation times measured with the spectrome- 
ter. 

Signal intensity in spin-echo MR images is a functicn of 
both T1 and T2. For T1-weighted images, signal intensity 
should increase in structures with shorter T1 relaxation times, 
as long as T2 values do not get significantly smaller than TE. 
However, T2 is always equal to or less than T1, and as T1 


502 BARON ET AL. 


becomes significantly less than TE, so do the T2 values, 
decreasing signal intensity because the MR signal decays as 
a result of T2 relaxation before the spin echo is formed. 

The water protons in gallstones were found to have short- 
ened T1 relaxation times (mean, 0.27 sec) compared with 
water in saline (2.8 sec). T1 relaxation times of water protons 
are decreased when bonding to relatively immobile nucleo- 
tides or proteins. As explained above, the shorter T1 relaxa- 
tion times would be expected to produce increased signal 
intensity with T1-weighted images, compared with free water. 
These findings are similar to those previously described in 
bile [8], where a shortened T1 relaxation time of water protons 
in concentrated bile was found to account for the bright T1 
signal intensity of bile. However, when the T1 of water in 
gallstones becomes very short (<20 msec), so does T2, and 
signal intensity should decrease in these instances so that no 
signal is recorded even at short echo times. This was con- 
firmed in our studies by the three stones with extremely short 
T1 values (<20 msec), which all imaged as a signal void. 
However, four stones with longer T1 values were relatively 
dark. Our hypothesis is that this is caused by very short T2 
relaxation times due to some structural or chemical property 
of the stone. Further investigations with T2 measurements 
and high-resolution spectroscopy of gallstones may clarify 
these issues. 

Thus, although cholesterol forms a large fraction of total 
stone weight in many stones, it plays a relatively small role in 
determining MR imaging characteristics of the stones. Rather, 
these imaging characteristics are dominated by the effects of 
water in the gallstone’s internal environment, which does not 
appear to relate to absolute chemical composition. We found 
no statistically significant differences in cholesterol, calcium, 
or T1 relaxation time among the various groupings of gall- 
stones by MR appearance. 

In summary, we found that most gallstones showed in- 
creased MR signal in vitro at 1.5 T. Whether these in vitro 
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findings are similar to in vivo MR appearances of gallstones 
must be determined. The in vitro gallstone MR imaging char- 
acteristics (signal intensity, imaging patterns, and area of the 
visualized signals) did not correlate with chemical composi- 
tion. We hypothesize that different structural relationships 
must exist within gallstones of similar chemical content, alter- 
ing the water bonding and hence the MR imaging character- 
istics. Why some gallstones have MR signals of different 
intensity and size and why others have persistently high signal 
on T2-weighted images remains unknown and awaits further 
investigation. Although different MR imaging patterns do not 
correlate well with chemical composition, they may reflect 
other underlying chemical or structural differences. 


REFERENCES 


1. Carroll BA. Gallstones: in vitro comparison of physical, radiographic, and 
ultrasonic characteristics. AJR 1978;131:223-226 

2. Filly RA, Moss AA, Way LW. In vitro investigation of gallstone shadowing 
with ultrasound tomography. JCU 1979;7 :255~-262 

3. Hickman MS, Schwesinger WH, Bova JD, Kurtin WE. Computed tomo- 
graphic analysis of gallstones. Arch Surg 1986;121:289-291 

4. Baron RL, Rohrmann CA, Lee SP, Shuman WP, Teefey SA. Computed 
tomographic evaluation of gallstones in vitro: correlation with chemical 
analysis. AJR 1988;151:1123-1128 

5. Baron RL, Kuyper S, Lee SP, Rohrmann CA, Shuman WP, Nelson JA. 
Chemical dissolution of gallstones in vitro: correlation with CT/MR imaging 
characteristics. Radiology (in press) 

6. Moon KL Jr, Hricak H, Margulis AR, et al. Nuclear magnetic resonance 
imaging characteristics of gallstones in vitro. Radiology 1983;148: 
753-756 

7. Moriyasu F, Ban N, Nishida O, et al. Central signals of gallstones in 
magnetic resonance imaging. Am J Gastroenterol 1987;82: 139-142 

8. Demas BE, Hricak H, Moseley M, et al. Gallbladder bile: an experimental 
study in dogs using MR imaging and proton spectroscopy. Radiology 
1985; 157:453-455 

9. Abell LL, Levy BB, Brodie BB, Kendall FE. A simplified method for esti- 
mation of total cholesterol in serum and demonstration of its specificity. J 
Biol Chem 1952;195:357-366 


James A. Brink’ 
Joseph F. Simeone 
Peter R. Mueller 
Sanjay Saini 

Glenn A. Tung 
Nathan O. Spell 
Joseph T. Ferrucci 


Received February 6, 1989; accepted after re- 
vision May 1, 1989. 


Presented at the 18th annual meeting of the 
Society of Gastrointestinal Radiologists, Paim Des- 
ert, CA, February 1989. 


‘All authors: Department of Radiology, White 2, 
Massachusetts General Hospital, Boston, MA 
02114. Address reprint requests to J. T. Ferrucci. 


0361-803X/89/1533-0503 
© American Roentgen Ray Society 


503 


Routine Sonographic Techniques 
Fail to Quantify Gallstone Size and 
Number: A Retrospective Study of 111 
Surgically Proved Cases 














We analyzed sonographic images retrospectively to determine their value in quanti- 
fying gallstone size and number in 111 surgically proved stone-containing gallbladders 
for which routine preoperative sonograms were available. The number and size of 
stones found on pathologic examination were correlated with the results of image 
analysis. in patients with more than one stone, observable size differences were 
recorded if the smallest stone diameter was less than 50% of the largest stone diameter. 
Estimates of gallstone size and number from preoperative sonograms were correct in 
only 23 (21%) of 111 cases. Stone size and number were overestimated as often as 
they were underestimated. Stones of a uniform size were recognized correctly in 59 
(92%) of 64 cases. Stones of two different sizes were correctly identified in only 14 
(30%) of 47 cases; the second, smaller stones were missed in 26 (79%) of 33 cases. 

These findings indicate poor sonographic characterization of gallbladder contents 
when imaging studies are performed solely to determine the presence or absence of 
gallstones. 
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Traditionally, the principal diagnostic issue in patients with suspected choleli- 
thiasis has been limited to the presence or absence of gallstones. The decision to 
use the only form of therapy available, cholecystectomy, was based on the presence 
or lack of gallstones rather than on their number or size. However, with new 
nonsurgical forms of gallstone therapy (extracorporeal shock-wave lithotripsy 
[ESWL], bile salt dissolution with oral ursodeoxycholic acid [Actigal, Ciba-Geigy, 
Summit, NJ], and direct contact solvent dissolution with methyl tert-butyl ether 
{MTBE}), quantitative assessment of gallstone size and number has assumed 
increased diagnostic significance. 

Gallstone size and number have a direct impact on eligibility and expected 
success with ESWL [1] and oral bile acid therapy [2]. For example, the current 
Food and Drug Administration (FDA) protocol for United States trials of the Dornier 
gallbladder lithotripter excludes patients with more than three stones and patients 
with stones of less than 0.5 cm or greater than 3.0 cm diameter [3]. The FDA/ 
Ciba-Geigy protocol for the United States trials of oral bile acid therapy with 
ursodeoxycholic acid (recently approved by the FDA) excludes patients if the size 
of the largest gallstone exceeds 2.0 cm. At present, there is no practical limit on 
the number of stones when therapy is with oral bile acids (4]. Ultimately, the 
success of all nonsurgical therapies is determined by the number and size of the 
gallstones or their fragment residua. 

Sonography is important in evaluation of cholelithiasis both before and after 
therapy. However, the accuracy with which routine gallbladder sonography can be 
used to determine gallstone size and number has not been investigated. In an 
earlier study [3], we examined the number, size, and degree of calcification of 
gallstones in 100 patients undergoing cholecystectomy to predict the number of 
surgical patients who would have been eligible for ESWL. In this study, we 
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retrospectively analyze routine preoperative gallbladder son- 
ograms in 111 surgically proved stone-containing gallbladders 
to assess the accuracy of conventional sonographic tech- 
niques for use in quantifying gallstone size and number. 


Materials and Methods 


The gallbladder contents in 200 consecutive patients undergoing 
cholecystectomy between June 1987 and April 1988 were collected 
for analysis. Routine preoperative sonograms obtained within 4 
weeks before surgery were available in 111 patients. 

Each case was analyzed by counting stones individually when they 
numbered fewer than five: when more than five, they were counted 
collectively as 5-10 or as more than 10. 

An estimate of gallstone size was made for each patient according 
to the following categories: <0.5 cm, >0.5-1.0 cm, >1.0-1.5 cm, 
>1.5~2.0 cm, >2.0-3.0 cm, and >3.0 cm. In oval stones or stones 
that were irregular in shape, the largest diameter was recorded. 

In patients who had more than one stone, observable size differ- 
ences were recorded if the diameter of the smallest stone was less 
than 50% of the diameter of the largest stone. The major stone family 
included stones with diameters that were within 70% of that of the 
largest stone; the minor stone family included the rest of the smaller 
stones. The two stone families were counted separately. 

Sonograms were obtained routinely by technologists with staff or 
fellows and residents in attendance. Real-time 3.5- or 5.0-MHz sector 
scans were obtained by using either G.E. 3600 or Radius scanners 


TABLE 1: Retrospective Sonographic Accuracy of Gallstone 
Size and Number As Estimated from Routine Preoperative 
Sonograms in 111 Cholecystectomy Patients 
imminent iia ha EESE 
Sonographic Accuracy 





One family identified correctly 92 (59/64) 

Size and number correct 34 (22/64) 
Two stone families {n = 47) 

Two families identified correctly 30 (14/47) 

Size and number correct 2 (1/47) 


Total stone size and number correct 
(n= 111) 21 (23/111) 
a 





A 


Fig. 1.—Preoperative sonogram correctly shows 
two stones of dissimilar size within gallbladder. 
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(General Electric Medical Systems, Milwaukee, WI). Patients’ gall- 
bladders were imaged routinely in the supine and left posterior oblique 
positions. Upright and magnification views were not used routinely. 
Hard-copy films from the sonograms were reviewed by an experi- 
enced abdominal radiologist. The sonograms were categorized as 
showing one or two stone-size families within the gallbladder, and 
the number and size of the gallstones were recorded. 


Results 


Analysis of the preoperative sonograms revealed that gall- 
stone size and number were displayed correctly in 23 (21%) 
of 111 cases (Table 1). 

Of 64 patients with stones of a single size, sonography 
was used correctly to identify one stone-size family in 59 
(92%) cases. However, the correct size and number of gall- 
stones were identified in 22 (34%) of 64 cases. Stone size 
was overestimated in 15 (36%) of 42 cases and underesti- 
mated in 16 (38%) of 42 cases. Of 14 cases with small stones 
of uniform size (<0.5 cm), stone size was overestimated in 
six (75%) of eight missed cases. Of 16 cases with large 
stones of uniform size (>2.0 cm), stone size was underesti- 
mated in seven (88%) of aight missed cases. Stone number 
was overestimated in nine (21%) of 42 missed cases, and 
underestimated in 12 (29%) of 42 missed cases. In two (5%) 
of 42 missed cases, the patients’ gallstones were not visible 
on the preoperative sonogram. 

Two stone-size families were identified correctly in only 14 
(30%) of 47 cases. The smaller stone family was missed in 
26 (79%) of 33 missed cases, and the larger stone family was 
missed in six (18%) of 33 missed cases. In patients with two 
stone families, the gallstone size and number for each stone 
family were defined correctly in only one (2%) of 47 cases. 
Figure 1 is a preoperative sonogram that correctly shows two 
stones of dissimilar size in the gallbladder. 

In two (2%) of 111 cases, a curvilinear echogenic focus 
with shadowing was seen in the gallbladder fossa without 
visualization of the gallbladder lumen. Although cholelithiasis 
was diagnosed correctly, gallstone size and number could 


Fig. 2.—A and B, Preoperative sagittal (A) and transverse (B) sonograms show a shadowing, 
curvilinear echo within gallbladder fossa without visualization of gallbladder lumen. Although 


gallbladder is filled with innumerabie smali calculi, their number and size cannot be discerned. 
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Fig. 3.—A, Sagittal sonogram shows a shad- 
owing, curvilinear echo within gallbladder fossa 
without visualization of gallbladder lumen. 

B, Transverse sonogram correctly shows a 
thin rim of bile around margin of a single large 
galistone (arrowhead). 


not be assessed. Figure 2 shows such a patient with multiple 
stones in whom a diffuse echo in the gallbladder fossa pre- 
cluded assessment of gallstone size and number. Another 
patient had a similar finding on sagittal views of the gallbladder 
(Fig. 3A). The transverse image, however, correctly revealed 
a thin rim of bile around the margin of a single large calculus 
(Fig. 3B). 


Discussion 


To date, refinements in the sonographic assessment of 
cholelithiasis have been limited to improved detection of gall- 
stones. Cholelithiasis can be diagnosed confidently in patients 
whose gallbladders contain echogenic structures that are 
associated with posterior acoustic shadowing. Crade et al. 
[5] found'that such type | cholecystosonograms were virtually 
100% diagnostic of gallstones. Acoustic shadowing depends 
on the size of the stone, the angle between the stone surface 
and the incident beam, the proximity of the stone to the beam 
focus, and the ultrasonic frequency used [6-8]. However, it 
is independent of composition, calcium content, shape, sur- 
face characteristics, and specific gravity of the stone [9-11]. 

As not all stone-containing gallbladders display such classic 
findings, Crade and coworkers [5] defined two additional 
sonographic patterns. The type Il pattern included sono- 
graphic nonvisualization of the gallbladder, or visualization of 
only an echogenic focus with shadowing in the region of the 
gallbladder fossa. The type Ill pattern consisted of small 
nonshadowing echogenic foci in the gallbladder. Although 
less specific than the type | pattern, cholelithiasis can be 
diagnosed correctly in 88-98% of sonograms with the type II 
pattern [5, 12, 13) and in 60-80% of sonograms with the 
type Ill pattern [5, 14]. 

With the recent emergence of alternative, nonsurgical 
modes of gallstone therapy, the diagnosis of cholelithiasis is 
no longer the primary issue of gallstone presence. The size, 
number, and composition of the stones are now critical to 
eligibility of the patient and expected success with ESWL, 
oral bile acid therapy, anc percutaneous contact dissolution 
techniques. 
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Our retrospective study indicates poor sonographic char- 
acterization of gallbladder contents when imaging studies are 
performed solely to determine the presence or absence of 
gallstones. Analysis of preoperative sonograms revealed the 
correct size and number of stones in only 21% of cases. 
Among galibladders with single stone families, the accuracy 
was only 34%: stone size and number were underestimated 
as often as they were overestimated. However, multiple 
smaller stones (<0.5 cm) were overestimated in size in 75% 
of missed cases because often they were imaged in aggregate 
and not separated from each other. Larger stones (>2.0 cm) 
were underestimated in size in 88% of missed cases. We 
have found that stones larger than 1.5 cm in maximal diameter 
tend to be ellipsoid. As such, these larger stones may have 
been underestimated in size because of the acoustic reflection 
and absorption of the ultrasound beam obscuring the deep 
and polar surfaces of the stone [4]. 

We previously reported the importance of two stone sizes 
within the gallbladder with respect to ESWL [3]. In that study, 
44% of our patients had second, smaller stones within the 
gallbladder that reduced by 30% the number of patients 
eligible for ESWL on the basis of stone size. Although review 
of the preoperative sonograms in this study correctly revealed 
a single stone family in 92% of cases, two stone families were 
identified correctly in only 30% of cases. The smaller stone 
family was missed with much greater frequency (79%) than 
the larger stone family (18%). As most stones (55%) ir the 
smaller stone families measure less than 0.5 cm in diameter, 
they are more likely to show a type Ill sonographic pattern: 
nonshadowing echogenic foci within the gallbladder, usually 
less than 5 mm in size, which may or may not move [14]. As 
such, they suffer from the same 20-40% reduction in detec- 
tion accuracy on in vivo sonography as stones with a type Ill 
pattern [5, 14]. 

Although the accuracy of gallstone detection is only slightly 
reduced in the type Il cholecystosonographic pattern [5, 12, 
13], such findings pose a greater problem in the emerging era 
of nonsurgical therapies. Visualization of an echogenic focus 
in the gallbladder fossa without visualization of the gallbladder 
lumen (Fig. 2) may permit the diagnosis of cholelithiasis; 
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however, the number and size of the gallstones remain un- 
known. A thin rim of bile outlining even a small portion of the 
stone mass (Fig. 3), however, may permit discrimination of a 
single large gallstone from multiple smaller stones seen in 
aggregate. 

Quantification of gallstone size and number may be im- 
proved when special technical maneuvers for cholecystoson- 
ography are used. Simeone et al. [4] have advocated the use 
of magnified high-frequency sonograms for stone measure- 
ment in the axial (anteroposterior) rather than lateral dimen- 
sion. In addition, patients must be positioned optimally to 
separate multiple stones. Although sonography can be used 
to detect gallstones with 28% greater sensitivity than is 
possible with oral cholecystography [15], it is less accurate 
for counting stones when more than three to five stones are 
present in a gallbladder [4]. This is an inherent limitation of 
the sectional tomographic nature of B-mode sonography as 
opposed to the projection imaging used in conventional radio- 
graphic cholecystography. Thus, in patients with multiple 
gallstones, direct correlation of sonographic with oral chole- 
cystographic findings will be necessary to determine best the 
number and size of gallstones. 
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Biliary Cystadenoma and 
Cystadenocarcinoma: CT and 
Sonographic Findings 





Biliary cystadenomas and cystadenocarcinomas are rare cystic neoplasms, usually 
intrahepatic in location, that are characterized pathologically by a multilocular appear- 
ance. We report the CT and sonographic findings in eight cases of biliary cystadenoma 
and three cases of biliary cystadenocarcinoma and correlate them with the surgical and 
pathologic findings. CT showed internal septa in eight of the 10 multiloculated lesions, 
whereas sonography showed septa in all five cases in which it was used. CT in two of 
the three cystadenocarcinomas showed thick and coarse mural and septal calcifications 
as well as large solid soft-tissue masses in one. CT showed mural soft-tissue nodules 
in the single case of a unilocular cystadenocarcinoma. 

Sonography and CT usually show the multilocular nature of biliary cystadenomas and 
cystadenocarcinomas. The presence of mural or septal nodules, discrete soft-tissue 
masses, and possibly thick and coarse calcifications increase the likelihood of a 
cystadenocarcinoma. 
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Biliary cystadenoma is a rare cystic neoplasm occurring primarily in middle-aged 
women. Although usually benign, it tends to recur after subtotal excision and can 
develop into a malignant cystadenocarcinoma [1, 2]. 

The most striking feature of the gross pathologic specimen of a biliary cystade- 
noma or cystadenocarcinoma is its multiloculated appearance. Even in the excep- 
tional tumor where the lesion appears to be primarily unilocular, gross or micro- 
scopic loculi can be identified in the cyst wall [2]. 

Scattered case reports and small series describing the CT and sonographic 
appearances of these lesions suggest that they have a characteristic appearance 
[3-9]. Most reports describe a septated, multiloculated cystic mass with varying 
degrees of mural and septal thickening and nodularity. We report eight patients 
with biliary cystadenomas and three patients with biliary cystadenocarcinomas in 
whom the appearance of the tumors on CT and sonography was correlated with 
the surgical and pathologic features. 


Materials and Methods 


Eleven patients with a surgically proved diagnosis of biliary cystadenoma or cystadenocar- 
cinoma who had undergone CT and/or sonography were included in a retrospective study. 
The cases were collected from several different medical centers. No attempt was made to 
include all of the patients with these iesions seen at these institutions. 

There were 10 women and one man, with a mean age of 55 years (range, 26-76 years 
old). Abdominal pain and/or distension was the major clinical symptom. Duration of symptoms 
ranged from 2 weeks to 5 years. in two patients a liver “cyst” had been partially excised 5 
and 30 years earlier, respectively. In three additional patients there had been multiple episodes 
of percutaneous aspiration of upper abdominal or liver “cysts” over a period ranging from 4 
months to 5 years. 
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CT and sonography were performed on a wide variety of instru- 
ments. CT units with scanning times of 5 sec or less were used. Four 
patients had both CT and sonography, six patients had only CT, and 
one patient had only sonography. Of the 10 patients who had CT, 
five studies were performed only with IV contrast enhancement, two 
only without IV contrast enhancement, and three both before and 
after contrast enhancement. A variety of methods was used to inject 
the IV contrast agents. 

At surgery a large cystic mass was found in or contiguous with 
the liver in each case. The cyst was totally excised in four cases and 
partially excised in two others. Hepatic lobectomy or segmentectomy 
was performed in the remaining five patients. One of the patients 
undergoing hepatic lobectomy had had a partial resection several 
weeks earlier. Mucinous fluid was present in all or some portions of 
the lesion in most patients. A final histologic diagnosis of biliary 
cystadenoma was made in eight patients and a diagnosis of biliary 
cystadenocarcinoma in three patients. 

A pathologic diagnosis of biliary cystadenoma was made when the 
cyst wall and septa were lined primarily by tall columnar epithelium 
similar to the lining of normal bile ducts. Three cases were diagnosed 
as papillary cystadenocarcinoma: in all three there was evidence of 
malignant papillary epithelium coexisting with other regions of benign 
columnar epithelium. The malignant portion typically consisted of 
hyperchromatic columnar cells with prominent nucleoli and frequent 
mitoses, forming disordered papillary projections and pleomorphic 
glands. The thick and coarse calcifications shown on CT in the two 
cystadenocarcinomas were confirmed on histologic examination. Cal- 
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cification was not mentioned in the patient with a benign cystadenoma 
in whom CT showed a single focus of thin calcification. 

The medical records and imaging studies of the 11 patients were 
reviewed. From the medical charts of each patient we reviewed the 
discharge summaries, surgical reports, pathologic reports, and re- 
ports of all CT scans and sonograms. One of the authors reviewed 
the CT scans and sonograms of each patient and compared the 
retrospective interpretation with the initial report; no major discrep- 
ancies were apparent. The CT and sonographic findings were then 
compared with the clinical, surgical, and pathologic data. 


Results 


CT scans and sonograms showed a large cystic liver mass 
in 10 patients; an upper abdominal cyst in or adjacent to the 
liver was noted in the other patient. The size of the mass 
ranged from 5 to 27 cm in greatest diameter. No masses 
were localized to the bile ducts. In 10 of the 11 patients the 
imaging studies indicated a lesion more complex than a simple 
cyst: one or more septa were shown in nine patients and 
mural nodules were shown in the other. In the four patients 
who had both CT and sonograms the findings agreed in three 
and disagreed in one: septa shown on both examinations 
were confirmed in three patients, whereas in the other patient 
septa shown by sonography were not visualized on CT and 


Fig. 1.—Biliary cystadenoma. 

A, Sonogram shows cystic mass with thin echo- 
genic septa (arrows). 

B, CT scan shows multiloculated cyst in medial 
segment of left lobe. Note density of some locu- 
lations is higher than others. 

C, Multiple septa and loculations are seen in 
unroofed half (right side) of gross pathologic spec- 
imen. 

D, Microscopic section of typical septum shows 
benign tall columnar epithelium (top) overlying cel- 
lular stroma (H and E, x500). 
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were denied on the pathology report. The gross morphologic 
features of the complicated cysts were described in the CT 
and sonographic reports, but a histologic diagnosis usually 
was not offered. Specifically, the possibility of biliary cystad- 
enoma or cystadenocarcinoma was mentioned only in a mi- 
nority of the cases. 

A final pathologic diagnosis of biliary cystadenoma was 
made in eight patients. In seven of these CT and/or sonog- 
raphy showed a septated multilocular cyst without gross 
nodules or soft-tissue masses (Figs. 1 and 2). A single focus 
of thin subtle calcification was seen in one of these seven 
cases, In the eighth patient, a discrete nodular echogenic 
structure associated with the internal septa was seen (Fig. 
3). In three patients, all studied with CT only, the final patho- 
logic diagnosis was biliary cystadenocarcinoma. In one, prom- 
inent soft-tissue mural nodules lined a unilocular cyst (Fig. 4). 
Thick, coarse mural and septal calcifications were seen in 
both multilocular cystadenocarcinomas, one of which also 
showed large soft-tissue masses within the cyst (Figs. 5 and 
6). 


Discussion 


In order to analyze a series of patients with cystic biliary 
neoplasms we collected cases from several institutions using 
different CT and sonographic scanners and nonstandardized 
techniques. Although this is an unselected group representing 
all known patients from our institutions with a proven diag- 
nosis of biliary cystadenoma or cystadenocarcinoma who 
underwent CT scans and/or sonography, this report is limited 
by its retrospective assessment of imaging features of a 
specific entity. In addition, the radiologic-pathologic correla- 
tion is based only on the surgical and pathologic reports, 
rather than the better approach in which the imaging studies 
are compared directly with the surgical and gross and micro- 
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Fig. 2.—Biliary cystadenoma. 
A, Sonogram shows septated liver cyst. 
B, CT scan shows unilocular cyst with no evidence of internal septa. 
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scopic findings. This latter limitation may partially explain the 
few discrepancies between imaging and pathologic findings 
of internal septa. 

Our series confirms that CT and sonography accurately 
demonstrate the internal morphologic features characteristic 
of cystic biliary neoplasms. Unequivocal septa and multilocu- 
larity within the cyst were shown in nine patients and con- 
firmed by surgical and gross pathologic observations in seven 
of these. Of the other two patients, the cyst aspiration per- 
formed at surgery in one could have disrupted internal septa; 
in the other there was no specific comment about either the 
presence or absence of septa in the surgical and pathologic 
reports. Although not confirmed on this retrospective review, 
we believe it is likely that the highly characteristic appearance 
of septa on sonography in one case and on CT in the other 
correctly mirrored the internal morphology. 

in one case imaged with CT but not sonography, multiple 
septa described in the surgical report were not visibie on the 
CT scans. Overall we interpret the results of our study to 
indicate that CT failed to show definite or probable septa in 
two of 10 cases, whereas sonography correctly showed 
internal septa in all five cases in which it was used. As 
suggested in other reports, we believe that sonography is 
somewhat more sensitive than CT in the detection of septa 
in a cystic lesion [10]. 

Several previous reports of sonographic findings in benign 
cystadenoma have included a description of mural nodules 
and papillary projections in addition to the usual presence of 
septa within a liver cyst [4, 5]. It is difficult to explain what 
these sonographic nodules or projections represent: most 
authorities state that solid nodular projections, although com- 
mon in biliary cystadenocarcinoma, are rare in cystadenoma 
[1, 2]. Even microscopically, papillary proliferation of benign 
epithelium is uncommon in cystadenoma. Only one of the 
cystadenomas in our series showed an unequivocal nodular 
mass on sonography. 





Fig. 3.—Biliary cystadenoma. Sonogram 
shows echogenic nodule (arrow) within septated 
multilocular cyst. This was the only discrete nod- 
ule or mass seen in the eight benign cystade- 
nomas. 
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Fig. 4.—Biliary cystadenocarcinoma. 
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A, CT scan shows discrete mural nodules (arrows) lining unilocular hepatic cyst. 
B, Histologic section shows both benign (left) and malignant (right) epithelium in the same mural nodule {H and E, x250). 





B 


Fig. 5.—Biliary cystadenocarcinoma. 


A, CT scan shows multiple septa poorly. Thick and coarse mural calcification is evident (arrow). 


Fig. 6.—Biliary cystadenocarcinoma. CT scan 
shows coarse calcification of multiple thick septa. 


B, At a higher level, large, solid soft-tissue masses (arrows) are within septated cyst. 


Macroscopic nodules or solid elements were present on 
the CT scans in two of our three patients with biliary cystad- 
enocarcinoma. These findings correspond to the grossly solid 
malignant tissue ranging up to 3.5 cm in diameter that Wheeler 
and Edmondson [2] described protruding from the internal 
cyst lining in their review of the pathologic features of malig- 
nant biliary cystadenocarcinoma. Multiple coarse and thick 
mural and septal calcifications were also shown on the CT 
scans of two of our three cases of cystadenocarcinoma, but 
a thin simple focus of mural calcification was also seen in one 
of our eight patients with cystadenoma. Although differentia- 
tion of cystadenoma from cystadenocarcinoma by imaging 
criteria may not be possible in many cases, our small series 


suggests that the presence of solid nodular masses or coarse 
calcifications along the wall or septa in a multilocular cystic 
mass indicates a more likely diagnosis of biliary cystadeno- 
carcinoma. Even if it is possible to distinguish biliary cystad- 
enocarcinoma from cystadenoma by CT in some cases, the 
therapeutic implication of this distinction is minimal. The prob- 
able premalignant nature of biliary cystadenoma means that 
total surgical excision is the preferred treatment for both 
lesions. The essential point is that both neoplasms can almost 
always be differentiated from a simple hepatic cyst by CT and 
sonographic criteria. 

Biliary cystadenoma must be differentiated from other cys- 
tic liver masses detected by CT and sonography. Solitary 
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simple hepatic cysts are sometimes shown on routine screen- 
ing examinations of the upper abdomen. Although they are 
much less common than the ubiquitous renal cyst, similar 
care must be taken that the criteria for a simple cyst on CT 
and sonography are rigidly satisfied before other diagnoses 
are excluded. Unlike septa that are occasionally seen in 
otherwise benign-appearing renal cysts [11], in our experi- 
ence septa are less commonly shown within hepatic cysts 
discovered as an incidental finding on CT or sonography. 
Mesenchymal hamartoma [12] and undifferentiated (em- 
bryonal) sarcoma [13] are rare hepatic neoplasms that can 
have a multiloculated cystic appearance on CT scans and 
sonograms, but their occurrence almost exclusively in children 
and teenagers differentiates them from cystic biliary neo- 
plasms. A cystic hepatoma or metastasis [10] can rarely 
simulate a unilocular cystadenoma or cystadenocarcinoma. 

Liver abscess and hydatid disease of the liver are the two 
entities. most likely to be confused with biliary cystadenoma. 
Between 20% and 30% of liver abscesses, whether pyogenic 
or amebic in etiology, have a septated or multilocular appear- 
ance on CT images [14]. Hydatid liver cysts caused by 
Echinococcus granulosus are commonly multilocular in ap- 
pearance because of the presence of daughter cysts within 
the original cyst [15]. The diagnosis of both infectious dis- 
eases is usually easily made by a combination of clinical and 
laboratory findings, including serologic tests and/or Gram 
stain and culture of cystic fluid obtained by percutaneous 
aspiration. 
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Book Review 





Atlas of Duplex Scanning. Carotid Arteries. By John J. Cranley, William S. Karkow, and E. Douglas Baldridge, 


Jr. Philadelphia: Saunders, 352 pp., 1989. $125 


The authors’ introductory statements speak to the importance of 
the quality of the image—that this is paramount and that the Doppler 
signal is of lesser importance in the evaluation of the carotid arteries. 
| cannot agree. The image defines plaque and indicates the correct 
areas to be sampled to determine the vascular hemodynamics. image 
alone is subject to error in interpretation (e.g., an occluded vessel 
may look perfectly normal sonographically). Indeed, the title of the 
book is a misnomer: Duplex scanning refers to both sonographic 
image and velocity profile or spectral analysis, and the atlas is 
concerned only with the imaging component. 

The atlas consists of a series of illustrations and minimal text. On 
the left-hand side of the page is a description; on the right-hand side, 
a sonographic image superiorly and a colored drawing inferiorly. The 
colored drawings of the sonographic images are superb and are more 
representational than exact tracings of the image. The terminology 
of sonographic effects tends to be descriptive, rather than scientifi- 
cally precise (e.g., “pigtail effect” for refraction). The authors need, in 
my opinion, to address in the introduction the question of resolution 
of the system and the transducer frequency used, inasmuch as the 
introduction states that image is a prime consideration. Some sono- 
grams are coarse and grainy; the technology has advanced since 
these images were obtained. Interfaces are not always well distin- 
guished. The carotid artery is aligned vertically, and its orientation 
always is defined, but sometimes the distal part is superior and in 
other instances inferior, which can be disconcerting. The usual con- 
vention is to align the artery horizontally with the head of the patient 
on the left. 

For someone starting out in this field, this atlas presents a broad 
range of what can be expected in a group of patients with athero- 


sclerosis. Although no examples of carotid dissection or fibrous 
dysplasia are included, a large range of examples of atherosclerotic 
change before and after surgery is included, with examples of end- 
arterectomy sites, grafts, and artifacts. The reader is not always 
enlightened as to whether examples of images called ulcerated plaque 
have been verified by surgery, and sonography has been shown to 
be relatively ineffective in distinguishing ulcers from nonulcerated 
areas. Two adjacent heaped up plaques may mimic a single ulcerated 
plaque. 

An excellent discussion of the various ways to calculate the 
percentage of stenosis is presented, which reiterates the difficulties 
of precision in this realm, particularly as plaque often is not seen well 
in the images on which the measurements of residual lumen are 
based. This points out the need for spectral analysis as well to 
determine what the effects of plaque are on velocity and flow. No 
color images are shown although Doppler color flow imaging is 
becoming the technique of choice because of the ease in localization 
and the visual sighting of the narrowed stream. 

This work can serve as a guide to beginners in this field, whether 
physicians or sonographers. It gives an overview of the delineation 
of sonographic abnormalities of the carotid artery. 
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Identification of a Patent 
Paraumbilical Vein by Using 
Doppler Sonography: Importance in 
the Diagnosis of Portal Hypertension 








The aim of this study was to determine if the addition of pulsed Doppler imaging to 
conventional sonography allows discrimination between true paraumbilical veins of 
portal hypertension and the apparent vein sometimes seen in the ligamentum teres in 
normal subjects. Conventional sonography and Doppler sonography of the ligamentum 
teres were performed in 33 normal subjects and in 39 patients with portal hypertension 
due to chronic liver disease. An apparent ligamentum teres vessel (i.e., hypoechoic 
channel) was identified on sonograms in 32 (97%) normal subjects (diameter 0.6-1.9 
mm) and in 35 (90%) patients with portal hypertension (diameter 1.1-22 mm). In the 
portal hypertension group, the apparent vessel had a diameter of greater than 3 mm in 
only 20 patients (51%), but in 32 patients (82%) it was showa on Doppler examination 
to be a patent paraumbilical vein (i.e., hepatofugal venous signal). 

A patent paraumbilical vein on duplex Doppler sonography is therefore a specific sign 
of portal hypertension. The addition of Doppler imaging to conventional sonographic 
examination significantly increases the sensitivity for the diagnosis of portal hyperten- 
sion by demonstration of a paraumbilical vein. 


AJR 153:513-516, September 1989 


A number of sonographic findings have been described in patients with portal 
hypertension, including the demonstration of portosystemic collateral veins [1]. 
One site of collateral flow is in the ligamentum teres, via a vein that has been 
termed a recanalized umbilical vein [2-7], but which is probably more accurately 
referred to as a paraumbilical vein [8]. It is well recognized that an enlarged 
paraumbilical vein is seen on sonography in some patients with portal hypertension, 
but the frequency of the finding is not well documented. Furthermore, a hypoechoic 
band of uncertain nature is seen in the ligamentum teres in some normal subjects. 
It has been suggested that a vessel apparent on sonograms within the ligamentum 
teres must measure more than 3 mm in diameter to be regarded as a sign of portal 
hypertension [9]. Duplex Doppler sonography now allows more precise identifica- 
tion and characterization of vessels compared with conventional sonography. The 
aim of this study is to determine if the addition of Doppler to conventional 
sonography allows discrimination between true paraumbilical collateral veins of 
portal hypertension and the ligamentum teres vessels sometimes seen in normal 
subjects. 


Materials and Methods 


The study included 103 consecutive patients referred by the gastroenterological unit for 
sonography. Of these patients. 39 had clinically unequivocal portal hypertension (27 men, 12 
women: age range, 17-85 years; median age, 57 years) and 33 patients had no evidence of 
portal hypertension or chronic liver disease (23 men, 10 women; age range, 16-80 years; 
median age, 59 years). The remaining 31 patients had some evidence of liver disease but did 
not fulfill the criteria applied to portal hypertension. The criteria used for the diagnosis of 


portal hypertension were (1) the presence of chronic liver disease 
(with or without splenomegaly) and (2) the presence of either non- 
malignant ascites or endoscopically proved gastroesophageal var- 
ices. All patients in the portal hypertension group had cirrhosis, which 
was due to alcoholism in 24 patients, was cryptogenic in seven, and 
was associated with chronic active hepatitis in six, primary sclerosing 
cholangitis in one, and Wilson disease in one. Upper gastrointestinal 
endoscopy was performed in 20 of the patients with portal hyperten- 
sion. Patients with sonographic evidence of prehepatic portal hyper- 
tension (i.e., main portal vein obstruction) were excluded. 

All patients were examined in a supine position, after fasting for at 
least 4 hr, with an ATL Ultramark 8 sonography unit (ATL, Bothell, 
WA). In each patient an attempt was made to image the ligamentum 
teres in its long axis as it courses forward from the anterior aspect 
of the umbilical portion of the left portal vein (Fig. 1). imaging was 
attempted with three probes in every patient, namely 3-MHz, 5-MHz 
annular array, and 7,5-MHz mechanical sector probes. If a hypoechoic 
band was identified with one or more of the probes within either the 
intrahepatic or the extrahepatic portion of the ligamentum teres, it 
was regarded as possibly representing a vessel and a positive result 
was recorded. The maximum internal diameter of any such apparent 
vessel was measured with the cursors of the scanning unit. An 
average measurement was recorded if the measurements varied 
between the three probes. Apparent ligamentum teres vessels that 
were visible only within 1 cm of the left portal vein were disregarded 
because smail vessels normally may be present in this region [8]. 
Doppler sampling this close to the left portal vein could produce 
misleading signals arising from a portal vein or hepatic artery branch. 

Pulsed Doppler sonography of any apparent ligamentum teres 
vessels was performed with both 3-MHz and 5-MHz probes, by using 
a 1.5-mm or 2.0-mm sampling gate and an angle of insonation of 
between 30° and 75°. Doppler signals were recorded in velocity 
mode and classified into one of five categories (Fig. 2): venous, 
arterial, thump, noise, and no signal. A positive result for a patent 
paraumbilical vein was recorded only if Doppler sonography showed 
a venous signal with hepatofugal flow from within the apparent 
ligamentum teres vessel. 

Each study was performed by one of two experienced operators, 
and interpretation was made during the examination with images and 
Doppler tracings also being recorded on film. At the time of exami- 
nation, the operator necessarily had access to other sonographic and 
some clinical information and therefore was not truly blinded, but the 
operator was not told whether the clinical criteria for portal hyperten- 
sion had been fulfilled in each patient. 





Fig. 1.—Longitudinal sonogram in a normal subject shows ligamentum 
teres (small arrows) coursing anteroinferiorly from umbilical portion of left 
portal vein (large arrow). Ligamentum teres in this case contains an 
apparent vessel (i.e., hypoechoic channel) from which no Doppler signal 
was obtained. 


Results 


In the control group, adequate studies were achieved in all 
33 patients. An apparent ligamentum teres vessel was imaged 
in 32 patients (97%) with a range of diameter from 0.6 to 1.9 
mm and a median diameter of 1.3 mm (Fig. 3). In these 32 
patients, the Doppler signals obtained were arterial in 12 (all 
hepatofugal), absent in 10, thump in eight, and noise in two. 
Most importantly, no venous signals were obtained; therefore, 
none of the normal patients had Doppler evidence of a patent 
paraumbilical vein, 

In three of the 39 patients with portal hypertension, the 
studies were technically inadequate because the patients 
were obese, unable to cooperate in breath-holding, or both. 
Of the remaining 36 patients, sonograms showed an apparent 
ligamentum teres vessel in 35. Doppler studies showed this 
was a patent paraumbilical vein in 32 patients (Fig. 3). In the 
other three patients, two had an arterial waveform (diameters, 
0.5 mm and 2.0 mm) and one had no signal (diameter, 2.4 
mm). Therefore, in the patients with portal hypertension, the 
Doppler examination was positive for a patent paraumbilical 
vein in 82% of the total group and in 89% of those with a 
technically adequate scan. Hence, the Doppler study had a 
scanning sensitivity of 82% and specificity of 100% for diag- 
nosis of portal hypertension. 

The diameter of the Doppler-positive paraumbilical veins in 
the portal hypertension group had a median of 4.5 mm, but 
more importantly, showed a wide range from 1.1 mm to 22 
mm. In fact, in 34% it measured 3 mm or less, and 22% 
measured 2 mm or less in diameter. It has been suggested 
that an apparent ligamentum teres vessel should measure 
more than 3 mm in diameter before it is regarded as a sign 
of portal hypertension [9]. In the portal hypertension group in 
this study, only 51% had a paraumbilical vein diameter of 
more than 3 mm and, indeed, in only 59% was it more than 
2mm. 

In 17 patients with Doppler-positive paraumbilical veins, at 
least one of the probes gave a negative result, either for 
conventional sonography alone (11 patients) or for sonogra- 
phy and Doppler imaging (six patients). These false-negative 
results were seen with all of the probes at some time, and no 
single probe performed significantly better than the others 
with respect to conventional sonography or Doppler imaging. 
In five of the 32 patients with patent paraumbilical veins, the 
vein was more easily studied in its extrahepatic course than 
in its intrahepatic segment (Fig. 4). 

The venous waveform observed in the patent paraumbilical 
veins showed low-amplitude pulsatility in four patients (Fig. 
5A), which was quite different from the arterial waveform (Fig. 
2B), but closely paralleled a pulsatile waveform obtained from 
the left portal vein (Fig. 5B). (In our experience, low-amplitude 
pulsatility of portal venous flow may be seen on Doppler 
studies both in normal subjects and in patients with portal 
hypertension.) 

Upper gastrointestinal endoscopy was performed in 20 
patients, 16 of whom had gastroesophageal varices. Of these, 
a Doppler-positive paraumbilical vein was found in 13 (two 
findings were negative and one study was technically inade- 
quate). No varices were seen at endoscopy in four, all of 
whom had a Doppler-positive paraumbilical vein. No correla- 
tion was seen between paraumbilical vein size and the pres- 
ence of varices on endoscopy. 
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Fig. 2.—Doppler signals obtained from apparent ligamentum teres vessels included (A) venous (approximately unifosn, low-amplitude hepatofugal 
flow), (B) arterial (with obvious systolic and diastolic components), (C) thump (transmitted cardiac or aortic pulsation—indicated by arrows) and noise 


(low-amplitade bidirectional signal between arrows). 
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Fig. 3.--Biameters of apparent ligamentum teres (LT) vessels in control 
subjects ans portal hypertension patients. PUV+ = venous signal obtained 
from apparent ligamentum teres vessel; PUV— = no venous signal ob- 
tained. 


Discussion 


The results indicate that demonstration of a patent paraum- 
bilical vein in the ligamentum teres by duplex Doppler sonog- 
raphy is a specific sign (specificity, 100%) of portal hyperten- 
sion of hepatic and posthepatic cause. The specificity of the 
sign. which has not been shown before, together with the 
noninvasive nature of the test, make it an attractive method 
for the diagnosis of portal hypertension. 

The sensitivity of the test was 82% (32/39 patients) or 89% 
if technically inadequate studies were excluded. As the pa- 
tients in the study had clear clinical evidence of portal hyper- 
tension, the sensitivity of the technique for the diagnosis of 
mild portal hypertension remains undetermined, but might be 
expected to be less. Nevertheless, the sensitivity shown is 
greater than that reported in other studies evaluating sono- 
graphic imaging of portosystemic ccllateral veins w thout the 
use of Doppler sonography [10-12]. 

An apparent vessel (i.e., hypoechoic channel) in the liga- 
mentum teres of greater than 3-mm diameter noted on son- 
ograms has been suggested as a specific sign of portal 
hypertension [9]. Our study confirms this specificity, but 
demonstrates a low sensitivity (51% in the present study) in 
the diagnosis of portal hypertension. Indeed, apparent liga- 
mentum teres vessels of more than 2-mm diameter were seen 
in this study only in patients with portal hypertension, and all 
but one vessel (which measured 2.4 mm in diameter) were 
Doppler-positive for a patent paraumbilical vein. Of the 32 
patients with portal hypertension who had Doppler-positive 
paraumbilical veins, the veins measured less than or equal to 
3mm in 11 patients (84%) and less than or equal te 2 mm in 
seven (22%). The overlap with the diameter range of the 
apparent ligamentum teres vessels n normal subjects (0.6— 
1.9 mm) diminishes its diagnostic value (Fig. 3) and is the 
main reason for adding pulsed Doppler sonography to imaging 
of the ligamentum teres in patients with suspected portal 
hypertension. The addition of Doppler sonography increased 





the sensitivity for the diagnosis of portal hypertension in this 
series from 51% to 82% while maintaining specificity. 

This study failed to show any correlation between the size 
of the paraumbilical vein and the presence of varices on 
endoscopy. The significance of this is uncertain; it may reflect 
merely a relatively small sample population (only 20 patients 
with portal hypertension underwent endoscopy). 

The nature of the apparent ligamentum teres vessels in 
normal subjects is only partially answered by this study. In 
some patients, the hypoechoic bands represent small arteries 
(38% in this study) and in others they presumably represent 
interfaces between layers of fibrous or fatty tissue. In patients 
with portal hypertension, but with Doppler-negative ligamen- 
tum teres vessels, the explanation for the apparent vessel is 
probably the same in some patients, although other expla- 
nations may apply. It is possible, for example, that some 
patients with portal hypertension develop a patent paraum- 
bilical vein that subsequently undergoes thrombosis. This may 
have been the case in the single patient in the portal hyper- 
tension group who had an apparent ligamentum teres vessel 
of greater than 2-mm diameter (2.4 mm) from which no signal 
could be obtained. 

Two important aspects of the examination technique are 
evident from our results. First, the use of more than one probe 
frequency for both conventional sonography and Doppler 
imaging increases the likelihood of detection of a patent 
paraumbilical vein. Imaging frequencies of 3 to 7.5 MHz and 
Doppler frequencies of 3 and 5 MHz were used in this study, 
and no single probe performed significantly better overall. 
Factors influencing the optimal probe in a given patient were, 
as one would expect, the degree of obesity, the presence of 
ascites, and the degree of echogenicity and attenuating prop- 
erties of the liver parenchyma. The second finding relating to 
technique was that in some patients the paraumbilical vein 
was more easily seen in the extrahepatic course of the 


Fig. 4.—A, Longitudinal sonogram 
shows a small paraumbilical vein (be- 
tween cursors). Vessel is more easily 
seen in extrahepatic portion of liga- 
mentum teres, which is surrounded by 
ascites. 

B, Longitudinal sonogram shows ex- 
trahepatic portion of a 16-mm-diameter 
paraumbilical vein (between cursors), 
which could be traced to a smaller in- 
trahepatic paraumbilical vein. 


Fig. 5.—A, and B, Doppler tracing 
shows pulsatile venous signal in a pa- 
tent paraumbilical vein (A). Pulsatility 
is not of arterial type and is similar to 
that seen in left portal vein (8) in same 
patient. 


ligamentum teres. This occurred in five patients and appeared 
to be caused by one or more of the following: difficult sono- 
graphic access to the intrahepatic ligamentum teres in small 
highly placed livers, including those patients with ascites; the 
presence of a very echogenic and beam-attenuating cirrhotic 
liver; or a real increase in size of the paraumbilical vein in the 
extrahepatic segment of the ligamentum teres, where it may 
be more distensible. 
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Pictorial Essay 





Cross-sectional Imaging of Abdominal Wall Hernias 


Richard J. Wechsler,’ Alfred B. Kurtz, Laurence Needleman, Bradley W. Dick, Rick |. Feld, Pamela L. Hilpert, and 


Lorna Bum 


Abdominal wall hernias are one of the more common con- 
ditions fer which patients seek surgical intervention. These 
hernias involve the passage of a peritoneal sac, with or 
without abdominal contents, through a site of congenital or 
acquired weakness in the abdominal wall. The diagnosis of 
hernias is often straightforward. They may, however, cause 
diagnostic problems, particularly in obese patients, patients 
with scars, or in those in whom a herniated sac protrudes 
between muscle layers (Fig. 1). A variety of abdominal wall 
lesions such as tumors, hematomas, undescended testes, 
aneurysms, or abscesses can be confused with hernias (Fig. 
2) [1]. The purpose of this essay is to illustrate the findings 
on cross-sectional imaging of abdominal wall defects that may 
be clinicaily occult or confusing. 


Fig. 1.-~interstitial spigelian hernia. 
An interstitial hernia is one in which 
hernia sac protrudes between two ab- 
dominal wail layers. 

A, CT sean shows space between 
external oblique and interna! oblique 
muscles is distended by fat (F). 

8, CT scan at lower level shows a 
defect (arrows) at linea semilunaris, 
indicative of a spigelian hernia. 


A 





Groin and Pelvic Hernias 
Inguinal Hernias 


Inguinal hernias are either direct or indirect, depending on 
their relationship to the inferior epigastric vessels. In an indi- 
rect hernia, the peritoneal sac passes down the course of the 
inguinal canal anterior to the spermatic cord and lateral to the 
inferior epigastric vessels (Fig. 3). In females, the hernia sac 
follows the course of the round ligament into the labium. The 
sac usually contains omentum and small bowel and occasion- 
ally ascites. 

A direct hernia is almost always acquired, rather than 
congenital. The neck of the hernia is medial to the inferior 
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Fig. 3.—Iindirect hernia. 

A, CT scan shows neck of indirect inguinal hernia (H) just lateral to inferior epigastric vessels (arrow). 
B, Axial MR image at level of base of penis shows bowel contents (arrows) in left scrotal sac. 

C, Coronal MR image at level of base of penis (P) shows bowel contents (arrows) in left hemiscrotum. 
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Fig. 2.—Desmoid tumor simulating 
an inguinal hernia. 

A, CT scan shows a soft-tissue mass 
(M) in inguinal canal just lateral to in- 
ferior epigastric vessels (arrow). This 
was mistaken for a hernia because of 
its location and continuity with smail 
bowel. 

B, On transverse sonogram, mass 
(M) is between rectus abdominis (R) 
and iliopsoas (1) muscles. Mass was 
separate from bowel and there was no 
peristalsis. 

At surgery, a desmoid tumor in in- 
guinal canal was found. 


D, Sagittal MR image shows indirect hernia (H) extending into scrotum between anterosuperior external oblique muscle (E) and posterior iliopsoas (I) 


muscle. 


Asterisk = contralateral right hydrocele. MR has advantage over CT of defining a hernia in sagittal and coronal planes. 





A 


Fig. 4.—Direct hernia. 
A, CT scan shows neck of large inguinal hernia (H) medial to inferior epigastric vessels (arrow). 
B, CT scan at lower level shows hernia (H) as it extends toward labium. 





Fig. 5.—Congenitai inguinal her- 
nia. Transverse sonogram shows 
fluid (F) and hyperechoic foci (ar- 
rows) in scrotum of an infant. Plain 
film showed scrotal calcification as- 
sociated with meconium peritonitis, 
which had extended through proces- 
sus vaginalis. (Courtesy of Henrietta 
Rosenberg, Philadelphia). 
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Fig. 6.—emoral hernia. CT scan shows fluid- 
filled loops: of bowel (asterisk) along course of 
saphenous vein, indicative of a femoral hernia. 


epigastric vessels, and it generally does not traverse the 
inguinal canal (Fig. 4). Therefore bowel strangulation is seldom 
a complication because of the blunt and diffuse character of 
the protrusion. CT and MR imaging both define the relation- 
ship of the inferior epigastric vessels to the hernia sac. So- 
nography. although useful in diagnosing an inguinal hernia 
(Fig. 5), usually does not visualize these vessels. 


Femoral Hernias 


Femorai hemias occur less frequently than inguinal hernias 
and are more common in women. The hernia protrudes 
through the femoral ring and canal and appears at the sa- 
phenous @pening. The hernia may be lateral to the femoral 
vessels. However, the sac may turn upward and involve the 
superficiakepigastric vessels, or it may turn toward the labium 
or scroturs. Bowel strangulation is common. 

The cliracal findings of femoral hernias may mimic those of 
inguinal acenitis, lipoma, varicosities, psoas abscess, hydro- 
celes, anc other abdominal wall masses. The diagnosis is 
easily mace by CT (Fig. 6). A femoral hernia may be distin- 
guished from an inguinal hernia on CT because its sac lies 
below anc:lateral to the pubic tubercle as it emerges from the 
femoral canal. Conversely, the inguinal hernia lies above and 
medial to the tubercle. 
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Fig. 7.—-Sciatic hernia. CT scan shows that re- 
current rectal carcinoma (asterisk), herniating 
through sciatic foramen, lies behind ischial spine 
deep to gluteus maximus muscle (G). 


Fig. 8.—Paraumbilical hernia. CT scan 
shows midline abdominal wall defect in par- 
aumbilical region with bowel (arrows) ex- 
tending to skin. 


Obturator Hernias 


Obturator hernias protrude through the obturator foramen 
alongside the obturator vessels. They occur most frequently 
in thin, elderly women. About one third of the patients have 
neuralgia involving the thigh as a result of compress:on of the 
obturator nerve in the obturator canal [2]. The diagnosis of 
this hernia is made by showing herniated bowel protruding 
through the obturator canal on CT scans or MR images. 


Sciatic Hernias 


Sciatic hernias are hernias that pass from the pelvis through 
the sciatic foramina into the buttocks. These hernias may 
involve the ureter, bowel, bladder, or ovary. CT or MR imaging 
shows the involved organ behind the ischial spine (Fig. 7). 


Abdominal Trunk Hernias 


Paraumbilical Hernias 


Acquired infantile umbilical hernias are usually small and 
caused by weakness in the umbilical scar. Most disappear as 
the child grows. Acquired adult umbilical hernias are more 
correctly termed paraumbilical; they protrude through the 
linea alba in the region of the umbilicus, occur mostly in 





Fig. 9.—Paraumbilical hernia. Transverse infraumbilical sonogram shows loops of bowel {B} in anterior abdominal wail that are identified by vaivulae 


conniventes sarrows). 


Fig. 10.—araumbilical hernia. Sagittal midline MR image shows hernia (H) through linea alba and rectus abdominis muscie (L), with bowel contents in 


anterior abdeminal wall. 


Fig. 11.—:pigastric hernia. CT scan shows large hernia (H) through linea alba above level of umbilicus, indicative of an epigastric hernia. 
Fig. 12.—=pigedian hernia. CT scan shows bowel (B) herniating through linea semilunaris (arrows), indicative of a spigelian hernia. 
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Fig. 13.—Obstructed incisional her- 
nia. 

A, CT scan shows defect in region 
of linea semilunaris (arrows) with di- 
lated loops of bowel (B) extending into 
abdominal wall. This was at site of a 
previous incision, 

B, Transverse oblique sonogram 
shows fluid- and gas-filled loops of 
bowel (arrows) within abdominal wall. 
| = anterior surface of iliac bone. 
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Fig. 14.—Hernia through iliac crest defect. 


A, Coronal MR image after iliac wing surgery reveals large amount of bowel (B) extending into 


buttocks and along posterior lateral thigh. 


Fig. 15.—Lumbar hernia. CT scan shows part 
of colon (arrows) herniating into lateral abdomi- 
nal wail inferior to 12th rib. 


B, Axial MR image reveals large amount of bowel (B) extending through defect in iliac bone (i) into 


buttock and thigh. 


middle-aged women, and are associated with obesity or a 
history of multiple pregnancies. They may result in part from 
diastasis of the rectus abdominis muscle. CT (Fig. 8), sonog- 
raphy (Fig. 9), or MR (Fig. 10) clearly visualizes diastasis of 
the rectus abdominis and resulting omental fat or bowel 
contents in the anterior abdominal wall. 


Epigastric Hernias 


Epigastric hernias emerge through the linea alba between 
the umbilicus and the xyphoid process. In most instances, 
only omental and preperitoneal fat are involved. These hernias 
may cause upper abdominal pain that simulates ulcer or 
gallbladder symptoms. Both CT and sonography visualize the 
defects easily and confirm the diagnosis (Fig. 11). 


Spigelian Hernias 


Spigelian hernias are those that protrude through the linea 
semilunaris. They are associated with a high risk of bowel 
incarceration and strangulation. These hernias are difficult to 
diagnose clinically because of their rarity and insidious pre- 
sentation. They have been mistaken for abdominal ab- 


scesses, seromas, hematomas, ovarian masses, pseudo- 
cysts, and malignant omental or peritoneal implants [1]. 

Cross-sectional imaging techniques are important in estab- 
lishing the diagnosis of a spigelian hernia. On CT scans, a 
hernia sac protruding through the linea semilunaris and con- 
taining bowel or fat is identified (Fig. 12). If it contains only 
peritoneal fat, it can be mistaken for an abdominal wall lipoma. 
However, careful inspection of the images reveals the mus- 
cular defect at the linea semilunaris (Fig. 1). Sonography 
shows a complex mass within the anterolateral aspect of the 
abdominal wall, which may contain fluid or gas-filled loops of 
bowel. 


Incisional Hernias 


Abdominal incisions cause weakened areas in the abdomi- 
nal wall through which hernias can protrude. These hernias 
can be confused with other types of ventral hernias [3]. Most 
of these hernias develop within 4 months of surgery but may 
remain clinically inapparent for years. CT or sonography re- 
veals the herniated sac protruding into the abdominal wall 
(Fig. 13). This is an important diagnosis to make, because 
incisional hernias cause intermittent abdominal pain and other 
symptoms of intestinal obstruction. 
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Lumbar Hernias 


Lumbar hernias occur in the flank. They either result from 
postoperetive iliac crest defects or are spontaneous. Hernias 
through an iliac crest defect may be seen as a gluteal soft- 
tissue mass. Hernia symptoms may begin as early as 15 days 
to as late as 15 years atter creation of the osseous defect 
(e.g., those defects created after removal of bone for grafting 
or tumor invclvement) [4]. Conventional radiographs reveal 
the bone-defect, but the herniation is rarely apparent. Cross- 
sectional imaging clearly delineates the contents of the hernia 
and its anatomic relation to the bone defect (Fig. 14). 

Spontaneous lumbar hernias occur through two areas of 
weakness in the flank. These areas are (1) the inferior lumbar 
triangle, which is bounded:by the free border of the latissimus 
dorsi muscle posteromedially, the external oblique muscle 
anterolaterally, and the iliac crest inferiorly; and (2) the supe- 
rior lumbar triangle, which is bounded above by the 12th rib 
and infericr margin of the inferior serratus posterior muscle, 
inferolaterally by the interaal oblique muscle, and posteriorly 
by the erector spinae muscle. Common signs and symptoms 
of lumbar ‘hernias are discomfort, muscle weakness, and a 
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bulge in the flank. Although these hernias can contain bowel, 
omentum, kidney, spleen, or stomach, strangulation is rare 
because of the wide neck of the hernia. As in other hernias, 
CT defines the wall and contents of the hernia (Fig. 15). It is 
the only imaging method needed tc confirm or exclude this 
diagnosis. 
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Book Review 





Endovaginal Ultrasound. By Steven R. Goldstein. New York: Alan R. Liss, 175 pp., 1988. $55 


This slender volume is presented as an overview of techniques 
and applications of endovaginal ultrasound in both obstetric and 
gynecologic examinations, providing both normal anatomy and a 
survey of pathologic entities. The book contains 12 chapters: “How 
to Begin: Basic Instrumentation and Method of Examination; ” “Nor- 
mal Pelvic Anatomy: What You Can Expect to See; ” “Pelvic Masses: 
Endovaginal Sonographic Appearance; ” “Pregnancy |: Embryo; ” 
“Pregnancy li: Something Is Wrong;” “Pregnancy Ill: Fetus, First 
Trimester; ” “Pregnancy IV: After the First Trimester; ” “Ectopic Preg- 
nancy;” “Routine Use of Ultrasound Prior to First-Trimester Termi- 
nation; ” “Ovulation Induction and Follicle Surveillance; ” “In Vitro 
Fertilization and Embryo Transfer; ” and “Incorporating Endovaginal 
Ultrasound into the Practitioner's Examining Room.” 

The first chapter contains a simply written and brief discussion of 
the physical principles of ultrasound that will be understood easily by 
practitioners who have no previous exposure to these concepts. 
Coverage of technique includes many useful practical hints, and 
normal anatomy is well demonstrated. Because the orientation of 
endovaginal scans is different from that of the familiar transabdominal 
views, addition of small orientation diagrams adjacent to the scans 
may be of value. A list of indications for endovaginal ultrasound 
accompanies a survey of the more commonly encountered gyneco- 
logic masses, with brief descriptions of each. Here, as elsewhere 
through the book, the intent does not seem to be encyclopedic 
coverage of the field but rather presentation of representative entities, 
an appropriate focus for a work of this size. 

The obstetric sections are well documented with a liberal number 
of scans and considerable clinical obstetric information. Much of this 
may be obvious to the practicing obstetrician, but it is of particular 
value to radiologists who sometimes are forced to operate in some- 
thing of a clinical void. For example, in dealing with the use of 
ultrasound before first-trimester termination, the author points out 
that precise estimation of the gestational age will aid significantly in 
determining how much cervical dilatation will be required. To the 
obstetrician, this is a given; to the radiologist, not so. 


The discussion of ectopic gestation, a particularly important appli- 
cation of ultrasound, is complete, well documented with scans, and 
realistic. For example, the author observes, “Endovaginal ultrasound 
will be more successful at imaging (ectopic) pregnancies than tradi- 
tional transabdominal techniques. it is unclear exactly how often this 
will be true.” One of the most common and deleterious tendencies 
with a new technology is to oversell its capabilities and thus inevitably 
disappoint the referring clinicians, so such circumspection (and it is 
found throughout this book) is refreshing and well advised. 

The chapters on infertility and in vitro fertilization are well written 
and documented; some of the historical perspective, although inter- 
esting, is perhaps less essential to the mission of the book. Somewhat 
the same is true of the last chapter, “Incorporating Endovaginal 
Ultrasound into the Practitioner's Examining Room.” Some of this 
section is editorial, albeit probably accurate, and some elements (e.g., 
preparation of the patient and preparation and orientation of the 
probe) appear misplaced and would be more useful incorporated into 
chapter 1, “Basic Instrumentation and Method of Examination.” 

Overall, this is a timely, pertinent, well-written, and useful volume. 
It can provide a balanced introduction to endovaginal applications in 
two evenings of comfortable reading. The author and contributors 
are well-recognized authorities in the field and have produced their 
characteristic high-quality work. References are pertinent and not 
overwhelming, and reproduction of the scans is of good quality. The 
encouragement by the obstetrician-author of increased clinical in- 
volvement on the part of the radiologist (he dares to suggest the 
possibility of a pelvic examination by the radiologist!) is a thoughtful, 
mature position that only can result in improved communication and, 
ultimately, better care of patients. 
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Endovaginal Sonographic 
Diagnosis of Dilated Fallopian 
Tubes 





Twelve cases of fallopian tube dilatation were diagnosed in 10 patients by using 
endovaginal sonography. The diagnosis was confirmed by surgery in seven patients 
and by hysterosalpingography in three. A tubular shape was present in every case. 
Other sonographic features included a well-defined echogenic wall, a folded configu- 
ration, and linear echoes protruding into the tube lumen. Dilated tubes were distinguished 
from bowel loops by a lack of peristaltic activity and from pelvic veins by a lack of 
moving low-level echoes on real-time sonography. 

We conclude that the findings of dilated fallopian tubes on endovaginal sonography 
are sufficiently characteristic to allow the diagnosis to be made with this technique. 


AJR 153:523-525, September 1989 


Sonography is a well-established technique for evaluating the female pelvis. 
Apart from abnormalities associated with ectopic pregnancy, however, few reports 
concern the sonographic features of fallopian tube abnormalities [1-6]. On conven- 
tional transabdominal sonograms, dilated tubes appear as complex cystic masses 
[2, 4]; hemosalpinx appears as a solid, echogenic mass [5]. No specific features 
have been identified that can distinguish tubal abnormalities from other pelvic 
abnormalities and normal structures [2, 4]. Because of its superior resolution, 
endovaginal sonography has the potential to characterize tubal abnormalities better. 
Using this technique, we identified four features that distinguish dilated fallopian 
tubes. 


Materials and Methods 


The sonograms and medical records of all women who underwent endovaginal sonography 
between 1986 and 1989 were reviewed. We identified 65 patients in whom fallopian tube 
ditatation was suspected at the time of the sonogram. No confirmation was available in 55 
patients. The final study group consisted of 10 women in whom tuba dilatation was confirmed 
by surgery (five patients), laparoscopy (two patients), or hysterosalpingography (three pa- 
tients). Of the five women who underwent surgery, hydrosalpinx was found in three, 
pyosalpinx in one, and hemosalpinx in one. The women ranged in age from 20 to 62 years. 
All patients were scanned with dedicated 5.0- or 3.0-MHz endovaginal transducers (Advanced 
Technology Laboratories, Bothell, WA, and Toshiba, Tustin, CA) by wsing standard technique. 

The sonograms were reviewed retrospectively by one author, who was aware of the 
diagnosis of fallopian dilatation in every case. On each sonogram, a structure that was proved 
to represent a dilated fallopian tube was identified and analyzed for four specific features: (1) 
tubular shape, (2) a well-defined echogenic wall, (3) a folded configuration, and (4) short, 
linear echoes protruding into the lumen. 


Results 


Twelve dilated fallopian tubes were diagnosed in 10 patients. The degree of 
dilatation ranged from 1 to 4 cm (mean, 2 cm). A tubular structure was present on 
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every sonogram (Fig. 1A). In eight cases, the structure had a 
well-defined, echogenic wall, and in six cases it had a folded 
configuration (Figs. 1B and 2). Linear echoes protruded into 
the tube lumen in five cases (Fig. 3). Three of the four features 
were found in seven tubes, and two features were seen in 
the other five cases. 


Discussion 


Considering their narrow diameter (1-4 mm) [7], the inability 
to identify normal fallopian tubes on sonograms is not sur- 
prising. When distended by a sufficient amount of fluid, how- 
ever, the tubes should be easily visible. On standard trans- 
abdominal sonograms, dilated fallopian tubes usually have a 
nonspecific appearance and often are indistinguishable from 
other pelvic fluid collections and masses [2, 4]. Lande et al. 
[8] described five of 12 patients with tubo-ovarian abscesses 
in whom tubular fluid collections were seen on endovaginal 
sonograms. Aside from a cylindrical shape, however, they did 
not describe specific findings that would distinguish dilated 
fallopian tubes from other pelvic abnormalities. 

As expected, the most consistent sonographic feature of 
fallopian tube dilatation in our patients was a tubular structure 
with a folded configuration. The wall of the structure was 
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Fig. 1.—A, Sagittal endovaginal sonogram of 
left adnexal region shows a 1.6-cm tubular struc- 
ture characteristic of a dilated fallopian tube, 
which proved to be pyosalpinx at surgery. 

B, Right sagittal endovaginal sonogram 
shows a 2.3-cm tubular structure with a well- 
defined echogenic wali (between arrowheads), 
which proved to be pyosaipinx at surgery. 


Fig. 2.—A, Oblique en- 
dovaginal sonogram of right 
adnexal region shows a 2.7- 
cm tubular structure with a 
folded appearance (curved 
arrow). 

B, Hysterosalpingogram 
confirms dilated right fallo- 
pian tube (FT). 





Fig. 3.—Transverse endovaginal sonogram of right adnexal region 
shows a fluid-filled structure with short, linear echoes protruding into lumen 
(arrowheads). Dilated fallopian tube was seen at laparoscopy. 


typically well defined and echogenic. This echogenic appear- 
ance has been described in patients with acute salpingitis 
[9]. Half of our cases had short, linear echoes protruding into 
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the lumen, a feature that may be related to the wrinkled 
nature of the fallopian tube epithelium [7]. 

Disterded pelvic veins, a common finding on endovaginal 
sonograahy, have a tubular appearance when imaged along 
their lorg axis. However, blood flow within them usually 
causes multiple low-level moving echoes on real-time sonog- 
raphy. Bowe! loops also can resemble dilated fallopian tubes. 
However, peristaltic motion is almost always evident in bowel 
loops, evan if only transiently. The rectosigmoid colon is easily 
identifiec by administering a water enema, and the colon often 
has distinctive haustral markings. Adnexal masses may have 
some of the teatures of dilated fallopian tubes. However, if an 
ovarian crigin can be established, fallopian tube dilatation can 
be excluded. Moreover, in our experience, adnexal masses 
are rarely elongated and do not possess a well-defined ech- 
ogenic wall. We conclude that the findings of dilated fallopian 
tubes on encovaginal sonography are sufficiently character- 
istic to allow the diagnosis to be made with this technique. 





SONOGRAPHY OF DILATED FALLOPIAN TUBES 


525 


REFERENCES 


1. Warner MA, Fleisher AC, Edeli SL, et al. Uterine adnexal torsion: sono- 
graphic findings. Radiology 1985;154:773~775 

2. Reuter K, Cohen S, Daly D. Ultrasonic presentation of giant hydrosaipinges 
in asymptomatic patients. JCU 1987:15:45-50 

3. Meyer JS, Kim CS, Price HM, et al. Ultrasound presentation of primary 
carcinoma of the fallopian tube. JCU 1987;15:132-134 

4, Russin LD. Hydrosalpinx and tubal torsion: a late complication of tubal 
ligation. Radiology 1986;159: 115-116 

5. Subramanyam BR, Raghavenrdra BN, Balthazar Eu, et al. Hematosalpinx 
in tubal pregnancy: sonographic-pathologic correlation. AJR 1983;141: 
361-365 

6. Richman TS, Viscomi GN, deCherney A, Polan ML, Alcebo LO. Fallopian 
tubal patency assessed by ultrasound following fluid injection. Radiology 
1984;152:507-510 

7. Warwick R, Williams PL. Gray's anatomy. London: Longman, 1973:1354- 
7356 

8. Lande IM, Hill MC, Cosco FE, Kator NN. Adnexal and cul-de-sac abnor- 
malities: transvaginal sonography. Radiology 1988; 166:325-332 

9. Terry J, Forrest T. Sonographic demonstration of salpingitis: potential 
confusion with appendicitis. J Ultrasound Med 1989:8:39-~41 











The Radiology Outreach Foundation (ROF) is a nonprofit corporation whose goal is to 
help disadvantaged countries improve their health care by providing radiology equipment, 
books, consultation, education, and training to their practitioners. This assistance is on 
an application basis that is independent of political, ethnic, or religious orientation of the 
grantee. It depends on the need of the people and the ability of the ROF to meet that 
need. The ROF is approved by the U.S. Internal Revenue Service as a tax-exempt 
organization. It is endorsed by the following radiologic societies: American Association 
of Women Radiologists, American College of Radiology, American Roentgen Ray Soci- 
ety, Association of University Radiologists, Radiological Society of North America, 
Society of Chairmen of Academic Radiology Departments, Society for Pediatric Radiol- 
ogy, European Society of Pediatric Radiology. 

All donations to the ROF are tax deductible. Persons who would like to contribute 
financially to the ROF, would be interested in being a visiting professor, would like to 
send books or journals to any of the institutions supported by the ROF, or would like 
further information about the ROF should write to Charles A. Gooding, M.D., President, 
Radiology Outreach Foundation, 3415 Sacramento St., San Francisco, CA 94118 USA. 











526 








Book Review 

















Applied Pathology for Radiographers. By Paul F. Laudicina. Philadelphia: Saunders, 326 pp., 1989. $32.95 


This text has been written for “second year and graduate radiog- 
raphers with a basic working knowledge of pathology as it pertains 
to diagnostic medical radiography.” Each chapter begins with objec- 
tives and ends with a quiz; at the end of the book is a large glossary. 
The eight chapters deal with principles of pathology, the respiratory 
system, the alimentary tract, the hepatobiliary system, the genitouri- 
nary system, the osseous system and joints, the CNS, and neoplasia. 
There is no chapter on the cardiovascular system. 

The first chapter deals with various pathologic processes in a 
rudimentary manner. In general, this chapter deals with mortality and 
not with morbidity. In fact, morbidity is not discussed throughout the 
book. The other chapters follow the format: general information, 
diagnosis and identification, and treatment. 

Although the goals of the text are admirable, certain deficits 
permeate the book and deter the author from achieving his goals. 
First, the book does not deal with the effects of new technology in 
showing pathology and, to a greater extent, ignores nuclear medicine. 
The author discusses the IV pyelogram as the best test of renal 
function. The sonograms in the text are not of high quality, and their 
white background shows them to be quite old. No CT scans of the 
chest are shown. Second, the indications for examinations and the 
technique that will bring out the pathology are not discussed. These 
considerations seem crucial to a radiographer who is trying to learn 
pathology. Third, in many instances, the general information given 
either is not correct or is outdated. For example, diagnosis of cystic 
fibrosis now can be made before birth. Also, the mortality rate with 
hyaline membrane disease is not 50% nor is there a higher incidence 
of hyaline membrane disease with cesarean section; and the inci- 
dence of retrolental fibroplasia or retinopathy of prematurity is increas- 


ing now, not decreasing. The recommendation shown in the illustra- 
tions of Gastrografin as a primary agent in esophageal atresia (page 
54) is clearly wrong, because aspiration of such contrast will cause 
pulmonary edema immediately. The discussion about Meckel diver- 
ticulum is erroneous: Meckel diverticulum is rarely seen on an upper 
gastrointestinal series, and the most common presentation in children 
is painless bleeding. Fourth, many of the findings in the radiographs 
are not described. Figures 2-11 and 2-14 show the same neonate 
with hyaline membrane disease. The caption reads “16 month old 
boy with hyaline membrane disease.” A pneumomediastinum is not 
described, nor is a subcutaneous emphysema described in Figure 2- 
13. Figure 3-23 shows pyloric stenosis, but the classic findings are 
not present nor is any description of them given. Figures 3-30, 3- 
31, and 5-18 are printed backward. In the chapter on bone, a 
discussion concerning achondroplasia includes an illustration of a 
thanatophoric dwarf; the caption of the figure is correct, but there is 
no discussion of thanatophoric dwarfs. 

Several of the technologists in our department reviewed this text 
in a cursory manner. They found it was easy reading, but they could 
not evaluate the areas of my concern (those areas in which the 
information is not correct). In fact, they skipped some of the discus- 
sion because “it was too much to read” and without apparent value. 

The concept of a book on applied pathology for radiographers is a 
good one. However, | think that, for the above-mentioned reasons, 
this text does not reach its mark. 


Thomas L. Siovis 
Children’s Hospital of Michigan 
Detroit, MI 48201 
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Case Report 


Papillary Cystadenoma of the Broad Ligament in a Patient 
with von Hippel-Lindau Disease 


Kevin C. Funk’ and Jay P. Heiken? 


Papillary cystadenoma of the epididymis is a rare tumor 
seen in man with von Hippel-Lindau disease. The mesonephric 
(wolffian) origin of this benign tumor suggests a female coun- 
terpart located in the broad ligament, near the fallopian tube 
[1]. We present a case of papillary cystadenoma of the broad 
ligament in a woman with von Hippel-Lindau disease and 
illustrate its appearance on CT. 


Case Report 


A 46-year-old woman with von Hippel-Lindau disease diagnosed 
25 years earlier presented for evaluation of an abdominal mass in the 
left upper quadrant. Urinalysis showed five RBCs per high-power 
field. CT ofthe abdomen anc pelvis showed the mass to be a 20-cm 
simple cyst arising from the upper pole of the left kidney. Numerous 
smaller cysts were present throughout both kidneys in addition to a 
4-cm solid mass in the lower pole of the right kidney, consistent with 
a renal cell carcinoma. Cysts also were present in the liver, pancreas, 
and right ovary. A 2.5 x 3.0 cm mass in the left adnexal region 
contained aereas of water attenuation and soft-tissue attenuation (Fig. 
1). Several curvilinear calcifications were at the periphery of the mass. 

A right nephrectomy was performed to remove the renal cell 
carcinoma ‘rom the lower pole. The right ovarian cyst and left adnexal 
mass also were identified at surgery and excised. 

On pathalogic examinatios, the adnexal mass was found to be 
located within the left mesosalpinx and separate from the ovary and 
the fallopian tube. It was multicystic with partially calcified walls. 
Centrally, tse cysts containee papillary structures composed of his- 


tologically benign, relatively vacuolated cuboidal cells covering 
stromal pegs. The cytolic features of the neoplasm suggested a 
mescnephric derivation, and the appearance was identical to that of 
the epididymal cystadenomas seen in men with von Hippel-Lindau 
syndrome. 


Discussion 


Von Hippel-Lindau disease is an autosomal dominant dis- 
order with variable penetrance. The lesions primarily respon- 
sible for morbidity and mortality in patients with the disease 
are retinal angiomas, CNS hemangioblastomas, renal cell 
carcinomas, and paragangliomas [2]. In addition, patents with 
von Hippel-Lindau syndrome may develop cystic lesions in- 
volving numerous body organs, including the lung, liver, 
spleen, pancreas, kidney, ovary, omentum, and epididymis 
{2}. 

Papillary cystadenoma of the epididymis is a rare tumor 
seen in 10-40% of men with von Hippel-Lindau disease [2, 
3]. The mesonephric (wolffian) origin of this benign tumor has 
led some investigators to postulate the existence of a female 
counterpart [1]. Brief mention is made in the case records of 
the Massachusetts General Hospital [4] of bilateral broad 
ligament papillary cystadenomas in a women with ven Hippel- 
Lindau disease. 

Mesonephric remnants in females include the epoophoron, 
paroophoron, and Gartner duct [5]. Lesions of mesonephric 
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and paramesonephric origin are found in the portion of the 
broad ligament near the fallopian tube {the mesosalpinx). 
Histologic criteria exist to classify parovarian lesions as being 
of mesonephric (wolffian), paramesonephric (millerian), or 
mesothelial derivation, although occasionally the distinction is 
difficult [6]. Benign epithelial parovarian cysts of parameso- 
nephric origin are very common, but usually are small and 
clinically insignificant [7]. During pathologic examination of 
over 2000 specimens, parovarian cysts were identified in 
nearly 92% of cases [8]. Benign and malignant papillary 
serous parovarian neoplasms with microscopic parameso- 
nephric (mullerian) features have been described [6, 8]. How- 
ever, broad ligament papillary cystadenomas of mesonephric 
(wolffian) origin, analogous to the epididymal lesion seen in 
men with von Hippel-Lindau disease, have rarely been docu- 
mented before. 

Our case shows a papillary cystadenoma of mesonephric 
origin in a woman with von Hippel-Lindau disease and depicts 
the CT appearance of this lesion. On the basis of CT features 
alone, it would be impossible to differentiate this mass from 
a small cystic ovarian neoplasm (cystadenoma or cystaden- 
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Fig. 1.—A and B, Pelvic CT scans. Adjacent sec- 
tions 1 cm apart show a left adnexal mass (arrows) 
containing both water attenuation and soft-tissue 
attenuation areas. Several areas of curvilinear cal- 
cification are present. U = uterus. 

C, Histologic specimen. Low-power photomicro- 
graph shows multiloculated cystic mass adjacent to 
normal fallopian tube (arrowhead). One of chambers 
of mass is filled with papillary excrescences (ar- 
rows). 


ocarcinoma) or from ovarian cysts complicated by old hem- 
orrhage or chronic infection. 
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Occult Fractures of the Carpals 
and Metacarpals: Demonstration 
by CT 





Occult fractures of the carpals and metacarpals occur frequently and are associated 
with major disability. The cross-sectional display and superior resolution of CT are well 
suited to the demonstration of these fractures. Sixteen patients with persistent pain and 
negative conventional radiographs were chosen for further evaluation by CT. Imaging 
was performed in two planes and showed 21 fractures. The transaxial plane was the 
most revealing imaging plane. Coronal imaging was equal or superior to the transaxial 
plane in most fractures of the scaphoid, lunate, capitate, and pisiform bones and of the 
bases of the metacarpal bones. The direct sagittal plane was the best imaging plane in 
one patient with fractures of the scaphoid and lunate bones. After discovery of the 
fracture on CT, surgical removal of the avulsed fracture fragment was recommended in 
seven patients and fusion was recommended in three. Eight patients had a marked 
decrease in pain after the surgical procedure. 

The accuracy of CT for the demonstration of occult fractures may result in earlier 
recognition of these fractures and a reduction in the associated disability. 
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The hand and wrist are the most commonly injured body parts [1], and these 
injuries are frequently work-related. Fractures of the carpals and metacarpais 
account for 6% of all fractures [2], and occult fractures would substantially increase 
this percentage if their prevalence could be accurately determined. These fractures 
may be associated with long-term disability, consisting of persistent pain, weak- 
ness, or limitation of motion, and these fractures may be missed for a prolonged 
period of time or never found. The cross-sectional display and superior resolution 
make high-resolution CT an important imaging technique in the evaluation of the 
radiographically negative wrist with persistent pain. CT can facilitate early recog- 
nition of these occult fractures and may thereby reduce the associated disability. 


Materials and Methods 


A retrospective review of over 200 CT scans of the wrist revealed 16 patients with 21 
occult fractures. These 16 patients had a history of trauma and persistent pain in the presence 
of negative radiographs. CT was performed to rule out the existence of an occult fracture. 
The fractures usually were imaged in subacute or chronic periocs. In some cases a fracture 
was unsuspected clinically. Conventional radiography of the wrist included the standard 
posteroanterior, lateral, and pronation oblique views. Additional views, determined by the 
fracture suspected, included ulnar deviation views for patients who clinically were suspected 
of having scaphoid fractures and carpal tunnel views for hamate fractures. Radiographic 
findings were suspicious in three of the 16 patients. Possible fractures of the hamate, lunate, 
and triquetral bones were noted. In these cases, CT was used to confirm the actual existence 
and extent of the fracture. In two cases, the fractures of the scaphoid and triquetral bones 
could be identified retrospectively. 

CT was performed on a General Electric 9800 scanner (General Electric, Milwaukee, WI). 
The wrist was supported with an extremity positioning device (Omega Scan Systems, Los 
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Angeies, CA) that allowed comfortable immobilization of the wrist 
throughout the period of the examination (Fig. 1). Contiguous 1.5- 
mm-thick slices were obtained by using a fast-scan technique of 120 
kV, 70 mA, and 3-sec scan time with interscan delay of 4.5 sec. Axial 
imaging of both wrists was performed, and the symptomatic wrist 
was also imaged in the semicoronal plane. Occasionally, direct 
semisagittal images of the wrist were added (Fig. 1). The images 
were displayed by using a bone algorithm and a smail displayed field 
of view (12,8-14 cm). The images were photographed at level and 
window settings for bone detail. Four skeletal radiologists reviewed 
the studies, and the radiographs, history of previous trauma, and site 
of pain accompanied their review. 


Results 


Twenty-one fractures of the carpal bones and metacarpal 
bases in 16 patients were diagnosed on the basis of CT 
findings between November 1984 and August 1988. Injury to 
the wrist had occurred as recently as 11 days and as long 
ago as 4 years before the CT study. Fractures were identified 
on CT in all of the carpal bones except the trapezoid. The 
hamate bone was the most commonly fractured bone. There 
were four fractures of the hook of the hamate bone and one 
fracture of the medial volar surface (Fig. 2). Unsuspected 
fractures of the scaphoid bone occurred in three patients (Fig. 
3). In five cases, there were fractures of more than one bone. 
The three occult scaphoid fractures were associated with 
fractures of the lunate bone. In one case, the pisiform and 
triquetral bones were fractured (Fig. 4), and in the other case 
the hook of the hamate and the second metacarpal bones 
were fractured. 

Healing of the fracture could be clearly identified in two 
patients and there was evidence of nonunion in two patients. 
One fracture occurred through a cystic area in the capitate 
bone (Fig. 5), and CT showed a sclerotic fragment consistent 
with a focus of avascular necrosis. Three patients had frac- 
tures of the metacarpal bases (Fig. 6). 
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Fig. 1.—Immobilization and positioning of wrist for CT scanning. 


A, Photograph shows wrist supported in extremity positioning device for scanning in semisagittal 


plane. 


8, Digital scan of wrist shows plane of semisagittal sections. Off-axis plane for sagittal images 


reduces streak artifact from long-bone cortices. 
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The importance of finding the fractures can be inferred from 
the clinical improvement following the surgical removal of the 
avulsed fragment in six patients and the fusion of two or more 
carpal bones in two patients. Two patients had clinical im- 
provement with evidence of fracture healing after immobili- 
zation. 


Discussion 


Carpal and metacarpal fractures may go unrecognized and 
result in major disability. Conventional radiography has been 
the principal technique for demonstrating these fractures, but 
well-positioned studies may be difficult to perform because of 
pain associated with the injury. Fractures may not be shown 
because of superimposition of the bony parts. CT, because 
of its cross-sectional dispiay and superior resolution, is well 
suited to the evaluation of small bony parts. In our experience, 
CT is best performed in two imaging planes. In this series, 
the transaxial plane was the most revealing. The ability to 
compare the normal and abnormal sides resulted in the di- 
agnosis of fractures that otherwise might have been missed. 
Partial voluming of the carpal bones was a potential deficiency 
of cross-sectional imaging. When partially volumed, carpal 
and metacarpal prominences can appear to represent small 
avulsed fragments. This problem can be minimized by imaging 
the opposite wrist for comparison and by the use of a second 
imaging plane. Patient comfort and immobilization of the wrist 
are important considerations. The use of a rigid platform is 
key to achieving images that display crisp trabecular detail 
and decrease the need to repeat studies. A positioning device 
is well suited for this task and provides comfortable immobi- 
lization of the patient's wrist. A two-plane study can be 
performed in about 30 min. 

In seven of eight cases, fractures of the hamate, triquetral, 
and trapezium bones were best imaged in the transaxial 
plane. In three cases, fractures of the triquetral, capitate, and 





Fig. 2.—Hamate fractures were the most com- 
mon occult fractures. Transaxial CT scan reveals 
small avulsed fragment from ulnar side of hamate 
bone (arrow). 
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Fig. 3.—Off-axis sagittal and coronal imaging of scaphoid bone can be helpful in demonstrating occult fracture. 

A, Posteroanterior radiograph with ulnar deviation shows dissociation at scapholunate joint but no evidence of scaphoid fracture. Oval fragment 
between scaphoid and lunate bones represents avulsed lunate fracture fragment. 

B, Tramsaxial CT scan shows fractures of midportion of scaphoid bone and avulsed fragment from lunate bone. 

C, Semisagittal CT scan shows avulsed fragments from lunate (straight arrow) and scaphoid (curved arrow) fractures. | = lunate bone; s = scaphoid 
bone; c = capitate bone. (Refer to digital image, Fig. 1B.) 
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Fig. 4.—CT may show second fracture in hand or wrist with one radiographically apparent fracture. Oblique radiograph showed fracture of os triquetrum. 
A and È, Coronal CT scans at levels of pisiform (A, straight arrow) and triquetral (B, curved arrow) fractures. 
C, Trarsaxial CT scan shows fractures of both pisiform (straight arrow) and triquetral (curved arrow) bones. 


Fig. 5.—CT can identify underlying process in 
occult pathologic fractures. All radiographs were 
normal. 

A and 8, Transaxial (A) and coronal (B) CT 
scans shaw fracture in area of lucency in capi- 
tate bonex{arrews). 
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pisiform bones could be identified well in either the coronal or 
transaxial plane. Fractures of the scaphoid bone were best 
imaged in the coronal plane in two cases and in the sagittal 
plane in one. Fractures of the lunate bone were best identified 
in the coronal plane in two cases, in the transaxial plane in 
one, and in the sagittal plane in another. Fractures of the 
metacarpal bases were best shown in the coronal plane in 
two cases and in the transaxial plane in one. Biondetti et al. 
[3] reported their experience with CT of the wrist in 23 
patients. They found the coronal plane the most helpful, and 
indicated that examination in this single plane was sufficient. 
This observed difference from our series probably reflects the 
type of fractures studied, as only four of their 23 cases appear 
to be occult fractures. The optimal imaging plane should be 
perpendicular to the fracture line. The selection of the imaging 
planes should be determined by the fracture clinically sus- 
pected, but should always include the transaxial plane. 
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Fig. 6.—Occuit metacarpal fractures are dif- 
ficult to show radiographically. 

A, Oblique radiograph shows widened space 
between third and fourth metacarpal bones re- 
sulting from ligamentous tear, but no evidence 
of fracture. 

B, Coronal CT scan at level of metacarpal 
bases shows avulsed fracture fragment (arrow) 
from one metacarpal base. 


CT is a rapid and comfortable method of examining the 
wrist. The occult fracture, which may be associated with 
substantial disability, can be shown more easily with CT. CT 
can be a valuable diagnostic tool in the evaluation of the 
patient with wrist trauma in which an explanation for the 
patient’s symptoms cannot be shown with conventional im- 
aging studies. 
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Anatomic Relations Between the 
Median Nerve and Flexor Tendons 
in the Carpal Tunnel: MR Evaluation in 
Normal Volunteers 





























To ascertain the dynamic changes between the median nerve and flexor tendons in 
the carpal tunnel, MR images of 16 wrists in eight volunteers were studied in flexion, 
extension, and neutral positions. T1-weighted axial images, 600/20 (TR/TE), were 
obtained with the wrists straight, extended at 45°, and flexed at 45°. Each scan was 
evaluated with regard to positional changes of the median nerve and flexor tendons in 
the carpal tunnel as well as alterations in nerve shape. In the neutral position, the 
median nerve was found in one of two standard positions: either anterior to the 
superficial flexor tendon of the index finger or interposed more posterolaterally between 
this tendon and the flexor pollicis longus. During extension, the nerve always maintained 
or assumed an anterior position between the superficial index finger flexor and the 
flexor retinaculum, while the flexor tendons moved posteriorly. With flexion, the tendons 
shifted anteriorly toward the retinaculum, and the median nerve was found in one of 
three positions. It either remained in its anterior position between the superficial index 
finger flexor and retinaculum or became interposed between the superficial flexor 
tendons of the index finger and thumb or middle finger and ring finger. Nerve shape 
varied with its position. Anteriorly positioned nerves were flattened in the anteroposterior 
plane between the tendon and flexor retinaculum; this was greatest with flexion and 
least with extension. interposed nerves were flattened in the mediolateral plane or 
rounded in configuration. 

In conclusion, the alignment of the median nerve in the carpal tunnel, its shape, and 
its relationship to the flexor tendons were variable and dependent on wrist positioning. 
These findings may explain why certain wrist motions, flexion in particular, predispose 
a person to carpal tunnel syndrome. 
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MR imaging of the carpal tunnel has become a widely accepted means of 
investigating the median nerve entrapment syndrome, with the nerve consistently 
identifiable on standard axial views [1, 2]. Its relationship and proximity to the 
transverse carpal ligament (flexor retinaculum) and flexor tendons result in some 
flattening, lobulation, or even slight triangulation of its usually rounded shape, even 
in normal instances [3]. 

One of the presumed mechanisms of carpal tunnel syndrome is an exaggeration 
of these extrinsic effects on the median nerve [4]. Initial studies proposed repeated 
wrist extension as a major mechanism in the production of median nerve neuropathy 
[5]. Subsequent investigations, however, indicated wrist flexion to be a much more 
likely predisposing mechanism [6-8]. 

The purpose of this study was to examine the normal relationships of the median 
nerve and flexor tendons in the carpal tunnel that exist when the wrist is in neutral 
position and when the wrist is in flexion and extension. 


Subjects and Methods 


A total of 16 wrists from three men and five women, 25-32 years old, were evaluated. All 
subjects but two were chosen at random from a healthy and asymptomatic volunteer pool of 
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medical students, physicians, and radiology department staff mem- 
bers. Two additional volunteers were included who had had previous 
episodes of conservatively treated carpal tunnel syndrome. MR scans 
were obtained with the wrists secured in prefabricated splints in 
neutral position, 45° extension, and 45° flexion. In eight of the 
examinations the fingers were gently flexed; in the other eight, the 
fingers were straight in a neutral position. 

Imaging was performed on a 1.5-T General Electric Signa MR 
scanner using a General Electric extremity coil. T1-weighted axial 
images, 600/20 (TR/TE), were obtained as 3-mm-thick slices in an 
interleaved fashion. A 12-cm field of view was used with a 256 x 128 
matrix and two excitations. 

The shape and position of the median nerve and the orientation of 
the flexor tendons were studied on all scans. The effect of finger 
flexion was also evaluated by comparing scans obtained with the 
fingers in different positions. Separate evaluations were done by 
three of the authors who were aware of wrist position only. All 
evaluations were done directly off a physician console monitor so 
that window and level settings could be used to optimize correct 
anatomic identification. Discrepancies were resolved by majority opin- 
ion during a subsequent group evaluation with the use of monitor 
images and hard copies. The effect of finger position was evaluated 
on hard copies only by side-to-side comparison in group discussion. 


Key to Abbreviations Used in Figures 





| FPL flexor pollicis longus | 
FR flexor retinaculum 
MN median nerve 
P2 profundus 2 
P3 profundus 3 
P4 profundus 4 
$2. sublimis 2 | 
$3 sublimis 3 | 
| S4 sublimis 4 











ER MN 
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Results 


The right and left wrists in each individual were essentially 
mirror images with only minor positional variations. Therefore, 
they could be treated as paired sets. 

In the neutrally positioned wrists the median nerve was 
found in one of two positions: 12 were anterior to the super- 
ficial flexor tendon of the index finger (sublimis 2) and four 
were interposed more posterolaterally in the “slot” between 
sublimis 2 and the flexor pollicis longus. In the anterior loca- 
tion, side-to-side positioning was variable: eight nerves were 
anterolateral to sublimis 2, two were immediately anterior to 
it, and two were anteromedial to sublimis 2. In the more 
posterolateral interposed location, front-to-back positioning 
was variable, with two nerves anterior to the deep flexor 
tendon of the index finger (profundus 2) and two nerves 
adjacent to its lateral aspect. Figures 1 and 2 show the 
anterior and posterolateral interposed positions, respectively. 
Nerve shape in both locations was oval, but the long axis of 
the anterior nerves was in the mediolateral direction, while in 
the lateral interposed nerves, the long axis was in the antero- 
posterior direction. The effect of finger flexion in the neutral 
wrist was negligible. 

With wrist extension all nerves were found anteriorly be- 
tween sublimis 2 and the flexor retinaculum, while the flexor 
tendons made a slight posterior shift. Again some side-to- 
side variability in nerve position was noted: six were antero- 
lateral to sublimis 2, six were anteromedial to it, and four 
were directly anterior to it. Figure 3 illustrates the extension 
position. Nerve shape was more rounded than in the neutral 
position though still slightly oval, long axis mediolaterally. 
Finger position had no discernible effect. 

With wrist flexion, a slightly variable but consistent volar 
shift of flexor tendons occurred. As a result the tendons were 
lined up more closely to the flexor retinaculum, and the usual 





Fig. 1.—MR image (600/20) shows most com- 
mon position of median nerve in a neutral wrist. It 
is just anterior and slightly radial to sublimis 2. 
(See key for abbreviations.) 


Fig. 2.—MR image (600/20) shows median 
nerve interposed between flexor pollicis longus 
and sublimis 2 and bordered dorsally by profun- 
dus 2 when wrist is in neutral position. (See key 
for abbreviations.) 


Fig. 3.—MR image (600/20) of wrist in 45° 
extension shows dorsal shifting of flexor ten- 
dons relative to neutral and anterior positioning 
of median nerve. Both anterior and interposed 
neutral nerves assume this position on exten- 
sion. (See key for abbreviations.) 
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2-3 mm of free space between tendons and retinaculum in 
neutral and extension was attenuated. The median nerve was 
found in ene of three positions: four were anterior to sublimis 
2, eight were interposed posterolateral to this position be- 
tween sublimis 2 and the flexor pollicis longus, and four were 
interposed posteromedially between sublimis tendons 3 and 
4. Figures 4-5 are respective MR examples. Table 1 denotes 
the position changes of each nerve in neutral, extension, and 
flexion. Nerve shape was flattened anteroposteriorly for an- 
terior nerves, flattened mediolaterally for laterally interposed 
nerves, and rounded for the medially interposed nerves. The 
degree of nerve flattening was greatest with flexion, inter- 
mediate in neutral position, and least with extension. The 
effect of finger positioning was subtle, but flexion slightly 
exaggerezed the volar tendon shift and flattening of nerve 
shape. 


Discussien 


In a newtral wrist the median nerve was typically anterior to 
sublimis £, especially anterolateral, as illustrated in Figure 1. 
This is the “standard” position described in previous anatomic 
and radiographic studies that used CT and MR [1-3, 9]. The 
laterally interposed position shown in Figure 2 with the nerve 
lying between sublimis 2 and the flexor pollicis longus is a 
variant of normal; examples of this have been described in 
previous anatomic [3] and MR [1, 10] studies. 

Our examination of the wrist in flexion and extension indi- 
cated tha’ the neutral alignment is not necessarily maintained 
throughout a range of motion. Wrist extension produced a 
posterior shift of flexor tendons and a uniformly anterior 
location c? the median nerve between the flexor retinaculum 
and sublimis 2. Flexion, however, produced an anterior shift 
of the tendons toward the flexor retinaculum. The median 
nerve either became flattened against the flexor retinaculum 
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anterior to sublimis 2 or became interposed between individ- 
ual flexor tendons, most commonly sublimis 2 and the flexor 
pollicis longus, but also sublimis tendons 3 and 4. The flexed 
position, therefore, placed the median nerve, flexor tendons, 
and flexor retinaculum in closer proximity to each other than 
the neutral position did, while the extended position increased 
the space between these structures. The flattened nerve 
configuration on flexion vs a more rounded shape with exten- 
sion was a reflection of these relative proximity changes. This 
anatomic crowding during flexion is not inconsistent with 
previous publications, which have proposed wrist flexion 
rather than extension as a predisposing mechanism to carpal 
tunnel syndrome, despite carpal tunnel pressure increases 
with both [1, 4, 7, 11]. 

The two volunteers who had previous episodes of carpal 
tunnel syndrome showed different nerve-tendon alignments. 
In one, median nerves remained in the anterior location be- 


TABLE 1: Changes in Position of Median Nerve with Changes 
in Wrist Position 





Position of Nerve with Wrist in: 











Finger 
Position/Wrist Nos. Neutral Extension Flexion 
Flexion 
1 and 2 Anterior Anterior Lateral 
3 and 4 Anterior Anterior Medial 
5 and 6 Lateral Anterior Lateral 
7 and 8 Lateral Anterior Lateral 
Straight 
9 and 10 Anterior Anterior Anterior 
11 and 12 Anterior Anterior Anterior 
13 and 14 Anterior Anterior Medial 
15 and 16 Anterior Anterior Lateral 





Nete.—Anterior = anterior to sublimis 2; Lateral = lateral interposition 
between sublimis 2 and flexor pollicis longus; Medial = medial interposition 
between sublimis tendons 3 and 4. 


ane 
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Fig. 4.—ĦR image (600/20) of wrist in 45° flex- 
ion shows volar shift of flexor tendons in compar- 
ison with nestral and especially extension images. 
Median nerse is interposed between flexor pollicis 
longus and sublimis 2. Appearance is similar to 
neutral interposed position of Fig. 2 except for 
volar tendor arrangement in flexion. (See key for 
abbreviatiors.} 


Fig. 5.—MR image (600/20) of flexed wrist 
shows volar tendon shift with median nerve re- 
maining anteriorly between sublimis tendons 2 
and 3 and flexor retinaculum. (See key for ab- 
breviations.) 


Fig. 6.—MR image (600/20) of fiexed wrist 
shows median nerve interposed between and 
deep to sublimis tendons 2 and 3, immediately 
volar to profundus tendons 2 and 2. (See key 
for abbreviations.) 
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tween sublimis 2 and the flexor retinaculum in all three posi- 
tions. In the other, the median nerves were anterior to sublimis 
2 in neutral position and with extension, and became inter- 
posed between sublimis 2 and the flexor pollicis longus with 
flexion. 

Further studies are needed to evaluate dynamic interactions 
of the median nerve and flexor tendons in symptomatic pa- 
tients to determine their role among the wide variety of factors 
contributing to carpal tunnel syndrome. 


REFERENCES 


1. Middleton W, Kneeland J, Kellman G, James C. MR imaging of the carpal 
tunnel: normal anatomy and preliminary findings in the carpal tunnel 
syndrome. AJR 1987;148:307-316 

2. Weiss KL, Beltran J, Shamam OM, Still RF, Levey M. High-field MR surface- 
coil imaging of the hand and wrist. Part I. Normal anatomy. Radiology 
1986; 160: 143-146 


VW. 


. Robbins H. Anatomical study of the median nerve in the carpal tunnel and 


etiologies of the carpal tunnel syndrome. J Bone Joint Surg [Am] 1963; 
45-A:953-966 


. Kendall D. Non-penetrating injuries of the median nerve at the wrist. Brain 


1950:73:84-94 


. Brain W, Wright A, Wilkerson M. Spontaneous compression of both median 


nerves in the carpal tunnel: six cases treated surgically. Lancet 1947; 
4:277-282 


. Love J. Median neuritis; carpal tunnel syndrome; diagnosis and treatment. 


NC Med J 1955;16:463-469 


. Tanzer R. The carpal tunnel syndrome. J Bone Joint Surg [Am] 1959; 


41-A: 626-634 


- Cooney WP, Dobyns JH, Linscheid RL. Complications of Colles’ fractures. 


J Bone Joint Surg [Am] 1980;62-A:613-619 


. Zucker-Pinchoff B, Hermann G, Srinivasan R. Computed tomography of 


the carpal tunnel: a radioanatomical study. J Comput Assist Tomogr 
198 1;5(4):525-528 


. Mesgarzadeh M, Schneck CD, Bonakdarpour A. The wrist and hand. In: 


Bassett LW, Gold RH, Seeger LL, eds. MAI atlas of the musculoskeletal 
system. London: Martin Dunitz, 1989:152-157 

Gelberman R, Szabo R, Mortensen W., Carpal tunnel pressures and wrist 
position in patients with Colles’ fractures. J Trauma 1984:24:477-479 


John D. Reeder’ 
Samuel O. Matz? 
Larry Becker? 

Samuel M. Andelman' 


Receivec:February 16, 1989; accepted after re- 
vision May 4, 1989. 


1 Department cf Radiology, Franklin Square Hos- 
pital, Baltimore, MD 21237. Acdress reprint re- 
quests to J.D. Reeder, Magnetic Imaging Associ- 
ates, Suite 119, £700 Reisterstown Rd., Baltimore, 
MD 21208. 


? Carroll County Center for Orthopaedic Surgery 
and Sports: Medicine, Westminster, MD 21157. 

3 Department of Orthopedic Surgery, Sinai Hos- 
pital, Baltimere, MD 21215. 


0361 -803X;39/1533-0537 
© American Roentgen Ray Society 


537 


MR Imaging of the Knee in the 

Sagittal Projection: Comparison of 
Three-Dimensional Gradient-Echo and 

Spin-Echo Sequences 











Fifty patients with suspected internal derangement of the knee had arthroscopic 
examinations after MR imaging with both a standard T1-weighted spin-echo (SE) 
sequence and a three-dimensional (3-D) gradient-echo sequence. This series permitted 
correlative evaluation of 100 menisci and 50 anterior cruciate ligaments. Meniscal tears 
were diagnosed when intrameniscal signal communicated with the meniscal surface. 
Criteria for diagnosing anterior cruciate ligament disruption included absence or discon- 
tinuity of the ligament, ligamentous laxity, and hyperflexion of the posterior cruciate 
ligament. Arthroscopic surgery confirmed the presence of 39 meniscal tears and 11 
anterior cruciate ligament tears in this population. The sensitivity and specificity of the 
SE sequence for the diagnosis of meniscal tears were 77% and 98%, respectively. The 
3-D gradient-echo sequence had a sensitivity of 87% and a specificity of 88%. For 
disruption of the ligament, the SE technique had a sensitivity of 82% and a specificity 
of 95% and the 3-D technique had a sensitivity of 64% and a specificity of 100%. 
Although these differences in sensitivity and specificity are not statistically significant 
at the p < .05 level, probably because of the small sample size, the results show the 
relative strengths and weaknesses of the two imaging sequences. 

These data suggest that because of the complementary results of the two MR 
techniques, both the SE and the 3-D gradient-echo sequences have a role in the 
diagnosis of knee injuries. 
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Previous reports have emphasized the ability of MR to accurately define cartilag- 
inous and ligamentous injuries of the knee, stimulating interest in refining and 
improving imaging techniques [1-4]. The design of tailored surface coils and three- 
dimensional (3-D) imaging have resulted in dramatic improvements in image quality 
[5-8]. We determined the sensitivity and specificity of a 3-D gradient-echo sequence 
compared with that of a spin-echo (SE) sequence for the diagnosis of injuries to 
the meniscus and the anterior cruciate ligament (ACL). Arthroscopic findings were 
used as the gold standard. 


Subjects and Methods 


Three-dimensional gradient-echo images and T1-weighted SE MR images were obtained 
in 50 patients referred for suspected internal derangement of the knee, permitting evaluation 
of 100 menisci and 50 ACLs. The SE and 3-D images were interpreted independently; the 
reader did not know the results of the complementary imaging sequence or the surgical 
findings. Meniscal signal was graded according to a previously described method [1, 2]. 
Specifically, a meniscal tear was diagnosed only when an abnormal signal in the meniscus 
clearly communicated with the meniscal surface. Intrameniscal signal that did not communi- 
cate with the surface was considered to represent internal meniscal degeneration. 

Criteria used to diagnose ACL disruption included absence of an identifiable ACL, ACL 
laxity or discontinuity, and bowing or hyperflexion of the posterior cruciate ligament [4]. 
Surgical correlation was obtained for all 50 patients, permitting computation of the sensitivity 
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and specificity for the two imaging sequences relative to arthroscopic 
examination. Statistical significance was evaluated with the McNemar 
Exact Test. 

All of the MR studies were performed on a 1.0-T magnet (Siemens 
Medical Systems, Iselin, NJ). Two sets of interleaved (contiguous 
interleaved series), relatively T1-weighted sagittal images were ob- 
tained with a TR of 800 msec, a TE of 20 msec, and a slice thickness 
of 3mm. With one acquisition, imaging time was about 7 min. Patients 
also had sagittal imaging with a 3-D fast imaging with steady preces- 
sion (FISP) technique that used a 40-msec TR, a 15-msec TE, anda 
flip angie of 40°. This volume-acquisition sequence provided contig- 
uous images with an effective slice thickness of 1.5 mm. With one 
acquisition, the imaging time for the 3-D series was about 11 min. 
For both the SE and 3-D sequences an imaging matrix of 256 x 256 
was used. A Siemens extremity resonator coil with a 21.4-cm field of 
view was used and knees were imaged in slight (10-15°) external 
rotation. 


Results 


Of the 100 menisci studied by MR imaging, 61 were normal 
and 39 had tears on arthroscopy. Eleven of the 50 ACLs had 
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tears on arthroscopy. Thirty of the meniscal tears and 60 
normal menisci were correctly identified on T1-weighted SE 
images. Nine results were false-negative and one was false- 
positive. This yielded a sensitivity of 77% and a specificity of 
98%. With respect to ACL tears, the SE technique success- 
fully showed nine of the 11 tears, and in 37 cases, the ACL 
was correctly interpreted as being normal. There were two 
false-positive and two false-negative results. For ACL tears, 
the SE sequence had a sensitivity of 82% and a specificity of 
95%. 

The 3-D FISP sequence correctly identified 34 of the 39 
surgically confirmed meniscal tears and 54 of the 61 arthros- 
copically normal menisci. The results of this technique in- 
cluded seven false-positives and five false-negatives, yielding 
a sensitivity of 87% and a specificity of 88%. The 3-D FISP 
sequence identified only seven of the 11 tears but allowed 
correct identification of all 39 normal ACLs with no false- 
positive results. There were four false-negatives. Applying the 
3-D FISP technique to ACL tear evaluation resulted in a 
sensitivity of 64% and a specificity of 100%. 


Fig. 1.—A, Internal signal is ob- 
served within posterior horn of medial 
meniscus (arrow) with SE technique. 

B, Increased contrast between sig- 
nal and surrounding fibrocartilage is 
obtained with 3-D FISP sequence in 
comparison with SE image. 


Fig. 2.—A, Surgically confirmed 
meniscal tear is identified on SE image 
(arrow). 

B, Tear appears similar in pattern but 
more intense relative to normal fibro- 
cartilage on 3-D FISP image. Also, note 
hyperintensity of effusion (arrow), re- 
flecting T2* contrast. 
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All five of the torn menisci missed on the 3-D sequence 
were also missed by the SE technique. The other four tears 
not idertified by the SE sequence were identified on the 3-D 
images. The single false-positive case on the SE sequence 
was alsa positive on 3-D images. The remaining six 3-D false- 
positivescases were normal on SE images. 

As determined by the McNemar Exact Test, the differences 
in sensifivity and specificity for detection of meniscal tear and 
ACL disruption fail to demonstrate statistical significance at 
the p < .05 level. 


Discussion 


In our series, both the SE and the 3-D FISP sequences 
providee subjectively high-quality images with comparable 
anatomic detail. Internal meniscal degeneration was shown 
equally well with both techniques, although the degenerative 
signal tended to be brighter with the 3-D technique (Fig. 1). 
Menisc# tears maintained a similar appearance on both se- 
quences (Fig. 2). Absence of an identifiabie ACL, in general, 


Fig. 3.—A, Signal within posterior 
horn on SE image was considered to 
represent degeneration rather than tear 
because ao surface communication 
was obsesved. A tear was discovered 
at surgery: 

B, 3-D ISP image correctly identi- 
fies infericr surface communication (ar- 
row), indicative of tear. 


Fig. 4.—4, SE image correctly iden- 
tifies only signal within posterior horn 
of this surg:cally normal meniscus. 

B, 3-D BISP image suggests pres- 
ence of surface contact (arrow), ren- 
dering a ‘alse-positive diagnosis of 
tear. 
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correlated well with surgically confirmed ACL tears. However, 
diagnostic differences between the two protocols did emerge. 
With respect to meniscal tears, the superior sensitivity of the 
3-D FISP technique became evident (Fig. 3). The thinner slice 
thickness and resultant dimunition in volume-averaging may 
have been responsible for this observation, especially in the 
case of small tears. Although obtaining two interleaved sets 
of SE slices is almost gapless imaging, 3-D volume acquisition 
permits examination of truly contiguous slices. Similarly, op- 
timization of slice profile relative to SE imaging also may 
contribute to increased 3-D sensitivity. However, the height- 
ened sensitivity to intrameniscal signal afforded by the 3-D 
technique also contributes to its decreased specificity relative 
to SE imaging. Because a greater volume of signal could be 
identified within the meniscus, it often became more difficult 
to determine whether the abnormality communicated with the 
meniscal surface, thus differentiating internal degeneration 
from actual tear (Fig. 4). 

With a specificity of 100%, the 3-D protocol was accurate 
in the identification of a normal ACL (Fig. 5). This may have 
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been because of the thin (1.5-mm) contiguous slice acquisition 
possible with the technique. During SE imaging, particularly 
with thicker slices, slight rotational changes in positioning or 
the presence of an effusion may substantially affect the 
visibility of the ligament [9]. 

There may have been selection bias in our study, because 
all patients selected had had arthroscopy. These patients 
generally have more complex clinical findings. This study is 
also limited in that only sagittal images were considered in 
comparing the two techniques. Although other authors have 
recommended axial, radial, or coronal images, the sagittal 
plane may offer the most diagnostic information for the diag- 
nosis of meniscal and ACL injuries [1, 3, 10]. A third limitation 
is the fact that only a T1-weighted sequence was used with 
the SE technique. T2-weighted images may improve the 
accuracy of the technique for the diagnosis of ACL tears but 
not meniscal tears [4, 9]. Finally, arthroscopy is not infallible 
for the detection of these abnormalities [1, 3]. 

Both the SE sequence and the 3-D FISP protocol have 
advantages in the evaluation of the knee. The SE images 
have greater specificity for meniscal tears and greater sensi- 
tivity for ACL tears. The 3-D FISP sequence provides greater 
sensitivity with regard to meniscal tears and greater specificity 
for ACL tears. Because the 3-D FISP images reflect T2* data, 
they provide enhanced fluid-soft tissue contrast. Although the 
observed differences in sensitivity and specificity lack statis- 
tical significance, probably because of the small sample size, 
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Fig. 5.—A and 8, Normal anterior 
cruciate ligament (arrows) is seen on 
both SE (A) and 3-D FISP (B) se- 
quences. 3-D technique, however, pro- 
vides greater contrast between anterior 
cruciate ligament and surrounding tis- 
sue and fluid, and thinner sections ob- 
tained with 3-D sequence permit eval- 
uation of ligament on more images with 
less volume averaging. 





the results emphasize the relative strengths and weaknesses 
of these two imaging sequences. Our results suggest that 
both techniques have a role in the evaluation of the knee. 
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Soft-Tissue Masses: Diagnosis Using 
MR Imaging 

















The MR images of 112 soft-tissue masses of various causes were retrospectively 
reviewed. Pathologic diagnosis by biopsy was available in 96 cases. Diagnosis in the 
remaining 16 cases was established by characteristic radiographs, CT scans, and/or 
arteriograms, in conjunction with appropriate history and clinical follow-up. All masses 
were evaluated with both T1-weighted, 300-600/20-30 (TR/TE), and T2-weighted, 2000/ 
80-100, images. They were reviewed to determine (1) if these images were sufficiently 
unique to allow a preoperative diagnosis based exclusively on the MR appearance and 
(2) if benignity vs malignancy could be predicted on the basis of the analysis of the MR 
image characteristics of the lesion. Concerning the latter, attention was directed to the 
margins of the lesions, to the impact of the lesion on the surrounding tissues (edema, 
infiltration, etc.), and to the intensity and homogeneity of the MR signal of the lesion. 

MR images were sufficiently characteristic to allow a specific diagnosis in 27 (24%) 
of the 112 cases (10 lipomas, eight hemangiomas, six pigmented villonodular synovitis, 
two hematomas, and one arteriovenous malformation). MR was incapable of reliably 
distinguishing between benign and malignant soft-tissue tumors. 
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MR is currently considered superior to CT for imaging soft-tissue tumors [1- 
15], although we are unaware of any specific studies to evaluate its diagnostic 
accuracy and ability to differentiate benign from malignant lesions. Weekes et al. 
[16] reviewed the CT scans of 84 patients with untreated soft-tissue tumors, 75 
primary (41 malignant and 34 benign) and nine secondary neoplasms, and found 
these images sufficiently characteristic to suggest a histologic diagnosis in only 13 
tumors. In their series, CT imaging characteristics correctly distinguished benign 
from malignant neoplasms in 88% of cases, but one type of malignancy could not 
be distinguished from another. 

We retrospectively reviewed the MR images of 112 soft-tissue masses (occurring 
in 105 patients), in a fashion similar to that used by Weekes et al. for CT, to 
determine if MR imaging characteristics could establish a preoperative diagnosis 
and if any reliable MR criteria exist to differentiate benign from malignant lesions. 


Materials and Methods 


The MR images of 112 soft-tissue masses found in 105 patients were reviewed retrospec- 
tively. All patients were initially referred for evaluation of a soft-tissue mass. One hundred 
two masses were imaged before any treatment. Seven masses were imaged after fine-needle 
aspiration or biopsy. Two cases of plantar fibromatosis were recurrent. MR images were 
obtained in one patient because of a mass in an area previously treated with radiation therapy. 
All scans were obtained on a 1.5-T Signa (General Electric, Milwaukee, WI), a 1.5-T Teslacon 
(Technicare, Solon, OH), or a 0.5-T Picker (Picker International, Highland Heights, OH) 
scanner. Typical scanning sequences included spin-echo T1-weighted, 300-700/20-34 (TR/ 
TE), and T2-weighted, 2000-2800/80-100, pulse sequences. At least two orthogoral planes 
were imaged in every case. 
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Pathologic diagnosis by biopsy was available in 96 cases. Diag- 
nosis in the remaining 16 cases was established by characteristic 
plain radiographs, CT scans, and/or arteriograms, in conjunction with 
appropriate history and clinical follow-up. Entities in the latter category 
included arteriovenous malformations, hemangiomas, and myositis 
ossificans. 

For each lesion, both T1- and T2-weighted images were reviewed 
and evaluated for the following features: margin definition, intensity 
and homogeneity of MR signal, presence or absence of surrounding 
edema, and involvement of adjacent bone or neurovascular tissues. 
The MR images also were analyzed to determine if they were suffi- 
ciently characteristic to suggest a specific preoperative diagnosis. 
Scans were reviewed by two radiologists. To eliminate bias, charac- 
teristic images for each lesion also were reviewed independently by 
three radiologists who were unfamiliar with any of the case material 
and were without knowledge of history, diagnosis, or other imaging 
studies. Discrepancies in interpretation were decided by consensus. 

The 112 soft-tissue masses (arising in 105 patients) included 85 
benign lesions and 27 malignant neoplasms. The former included 
both benign neoplasms and inflammatory and tumorlike masses (such 
as myositis ossificans, synovial osteochondromatosis, and pseudo- 
aneurysm). The 27 malignancies included 24 primary neoplasms (one 
of which was recurrent) and three cases of soft-tissue lymphoma. 
These patients were included because the clinical presentation for 
their lymphoma was a soft-tissue mass. Specific diagnoses are listed 
in Table 1. There were 63 male and 42 female patients. The 85 
benign lesions occurred in 80 patients: 53 males and 27 females. In 
one patient with neurofibromatosis (complicated by a neurofibrosar- 
coma), three additional neurofibromas were imaged incidentally on 
MR. This was the only patient in the series with coexistent benign 
and malignant soft-tissue lesions. In a second patient with neurofibro- 
matosis, two neurofibromas were imaged. One patient had both an 
arteriovenous malformation in one thigh and an intramuscular heman- 
gioma in the contralateral thigh. One patient had plantar fibromatosis 
with a recurrence approximately 13 months after initial surgery. 

The 27 malignancies (which included one recurrence) occurred in 
26 patients: 16 females and 10 males. One patient had a synovial 
sarcoma in the thigh and 2 months later a lesion in the shoulder 
developed. Because no evidence in this patient of metastases existed 
elsewhere (e.g., lungs, liver, bone marrow, or regional lymph nodes), 
it is unclear if the shoulder lesion represented a metastasis or, less 
likely, a metachronous primary synovial sarcoma. 

At presentation, the 105 patients ranged in age from 5 months to 
73 years. Of those with benign soft-tissue masses, the average age 
at presentation was approximately 30 years, ranging from 5 months 
(lipomatosis) to 73 years (hematoma). Of the patients with soft-tissue 
malignancies, the average age at presentation was approximately 37 
years, ranging from 9 (synovial sarcoma) to 72 (liposarcoma) years 
old. 


Results 


There were 112 soft-tissue masses, of which 85 were 
benign and 27 were malignant. The MR images were suffi- 
ciently characteristic to allow a confident specific diagnosis of 
benignity in 27 (24%) masses (10 benign fatty masses, eight 
hemangiomas, six pigmented villonodular synovitis, two he- 
matomas, and one arteriovenous malformation). Of the re- 
maining 58 benign lesions, MR images were indeterminate in 
37 cases, favored a benign cause in 16 cases, and incorrectly 
suggested a malignant cause in five cases. 

Of the 27 pathologically confirmed malignancies, none were 
sufficiently characteristic on MR to allow a specific diagnosis. 
Overall, the MR images were indeterminate in 12 cases, 
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TABLE 1: Diagnoses of Soft-Tissue Masses Studied with MR 
Imaging 





Type of Mass No. 


Benign 
Arteriovenous malformation 
Abscess 
Angiomatosis 
Chondroma 
Devitalized muscle 
Epidermal inclusion cyst 
Fibroosseous pseudotumor 
Fibromatosis 
Fibrous proliferation 
Ganglion cyst 
Hemangioma 
Hematoma 
Lipoma 
Lipomatosis 
Lymphangioma 
Myositis ossificans 
Myxoma, intramuscular 
Neurofibroma 
Nodular fasciitis 
Pigmented villonodular synovitis 
Pseudoaneurysm 
Schwannoma 
Synovial cyst 
Synovial (osteo)chondromatosis 
Synovitis, chronic 
Rheumatoid arthritis 


ok 


— 
“MO WNHOWANNMwAK ONO WHAMMY Gh 


Subtotal _85 
Malignant 

Chondrosarcoma, myxoid 2 
Ewing sarcoma 1 
Fibrosarcoma 2 
Hemangiopericytoma 1 
Liposarcoma 4 
Lymphoma 3 
Malignant fibrous histiocytoma 2 
Malignant schwannoma 4 
Neurofibrosarcoma 1 
Rhabdomyosarcoma 1 
Synovial sarcoma __§ 
Subtotal 27 
TOTAL 112 





Note.—Pathologic diagnosis was established by biopsy in 96 cases. Diag- 
nosis in the remaining 16 cases was established by characteristic radiographs, 
CT scans, and/or arteriograms. 


correctly suggested a malignant cause in 11 cases, and 
incorrectly suggested a benign cause in four cases. Fat was 
identified on MR in two of four liposarcomas, suggesting the 
correct diagnosis, although the diagnosis of liposarcoma was 
incorrectly suggested in four additional cases (one malignant 
fibrous histiocytoma, one synovial sarcoma, one soft-tissue 
myxoid chondrosarcoma, and one intramuscular myxoma). 


Margin Definition 


For any given mass, regardless of cause, margins were 
typically better defined on the T2-weighted image. Four cat- 
egories of margins were established, ranging from circumfer- 
entially well-defined to infiltrating. Benign and malignant 
causes were not readily distinguished on the basis of margins. 
These results are summarized in Table 2. 
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TABLE 2: Margin Analysis, Signal Intensity, and Homogeneity of Benign and Malignant Soft- 
Tissue Masses as Determined on T1- and T2-weighted MR images 
































No. (%) 
MR Characteristic 7 Benign —. Malignant p 
_ E T E 
Margin? 
Circumferentially well defined 20 (24) 26 (31) 7 (26) 7 (26) 
Relatively well defined 25 (29) 22 (26) 8 (30) 10 (37) 
Discrete mass, poorly defined 16 (19) 14 (16) 5 (18) 4 (15) 
Infiltrating 24 (28) 23 (27) 7 (26) 6 (22) 
Total o 85(100) 85100) 27000) 270100) 
Signal intensity? 
Greater than that of fat 2 (2) 37 (43) 0 16 (59) 
Equal to that of fat 13 (15) 19 (22) 1 (4) 7 (26) 
Between that of fat and muscle 23 (27) 6 (7) 9 (33) 2 (7) 
Equal to that of muscle 24 (28) 4 (5) 14 (52) 1 (4) 
Less than that of muscle 8 (10) 4 (5) 7 (7) 0 
Complex 15 (18) 15 (18) 1 (4) 1 (4) 
Total o 85 (100) 85100) 270100 27000 
Homogeneity® 
Homogeneous 27 (32) 21 (25) 8 (29) 4 (15) 
Mild inhomogeneity 34 (40) 30 (35) 14 (52) 12 (44) 
Moderate inhomogeneity 8 (9) 17 (20) 4 (15) e (30) 
Complex 16 (19) 17 (20) 1 (4) 3 (11) 
Total 85(100) 85(100) —-27(100) 27 (100) 





* Circumferentially well defined = mass with cystlike or nearly cystlike margins; relatively well defined = discrete 
mass with readily identified margiris, though not cystlike or nearly cystlike; discrete mass, poorly defined = discrete 
mass in which margins are not readily discernible from surrounding soft tissues; infiltrating = mass blends into 


surrounding tissue without readily identifiable margins. 


? The signal intensity of the tumor was compared with that of muscle and subcutaneous fat. If no dominant signal 


was present, the mass was considered complex. 


° Homogeneous = completely homogeneous, cystlike, or nearly cystlike mass; mild inhomogeneity = 


less that 25% 


of the mass showing inhomogeneity; moderate inhomogeneity = 25-50% of the mass showing inhomogeneity; 
complex = more than 50% of the mass showing inhomogeneity. 


Signal Intensity 


The overwhelming majority of both benign and malignant 
lesions displayed a signal intensity equal to or less than that 
of skeletal muscle on T1-weighted pulse sequences and equal 
to or greater than that of fat on T2-weighted pulse sequences. 
Absence of increased signal intensity on T2-weighted images 
was not ar indication of benignity. Seven malignant tumors 
(three synovial sarcomas, two soft-tissue myxoid chondro- 
sarcomas, ene neurofibrosarcoma, and one hemangiopericy- 
toma) had a signal intensity on T2 approximating that of 
subcutanecus fat; two malignant tumors (one synovial sar- 
coma and ene malignant fibrous histiocytoma) had a signal 
intensity or: T2 intermediate between that of fat and muscle; 
and one turaor ta malignant schwannoma) had a signal inten- 
sity on T2 approximating that of skeletal muscle. Only two of 
four liposarcomas had an MR signal suggesting fat. These 
results are summarized in Table 2. 


Homogeneity of the MR Signal 


Regardless of cause, the soft-tissue masses were more 
homogeneous cn T1-weighted images. With respect to this 
variable, four categories were established: completely homo- 


geneous, mildly inhomogeneous (less than 25% of the mass 
showing inhomogeneity), moderately inhomogeneous (ap- 
proximately 25-50% of the mass showing inhomogeneity), or 
complex (more than 50% of the mass showing inhomogene- 
ity). Two malignancies, a synovial sarcoma and a malignant 
fibrous histiocytoma, displayed coexistent hemorrhage. 
These results are summarized in Table 2. 


Surrounding Soft-Tissue Edema 


Surrounding edema was apparent in four (15%) of the 
malignant tumors and in two (2%) of the benign masses. 
Extensive edema was noted in one patient with recurrent 
synovial sarcoma, although these changes probably resu'ted 
from previous radiation therapy. The remaining three malig- 
nancies that showed edema were all lymphomas. None of the 
primary malignancies showed surrounding edema. In the be- 
nign group, extensive edema was seen surrounding an ab- 
scess and a hematoma. 


Involvement of Adjacent Bone or Neurovascular Tissue 


MR evidence of bone or neurovascular involvement was 
apparent in six (22%) of 27 malignancies. Three of these were 
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lymphomas, which presented as soft-tissue masses. There 
also was one each high-grade malignant fibrous histiocytoma, 
malignant schwannoma, and soft-tissue Ewing sarcoma. Only 
three (13%) of 24 primary malignancies had bone involvement. 
Bone involvement was noted in seven benign masses (8%): 
four cases of pigmented villonodular synovitis, two cases of 
chronic synovitis, and one periosteal arteriovenous malfor- 
mation. 


Discussion 


To our knowledge there have been no previous reports 
concerning the diagnostic value of MR in the evaluation of 
soft-tissue tumors. Weekes et al. [16] reviewed the CT scans 
of 84 patients with untreated soft-tissue tumors and found 
these scans sufficiently characteristic to suggest a correct 
histologic diagnosis in only 13 cases (15%) (nine lipomas, 
three hemangiomas, and one neurofibroma). Regardless of 
histology, the malignant neoplasms were indistinguishable. 
The authors did note, however, that the CT appearance 
allowed for the differentiation of benign from malignant neo- 
plasms in 88% of cases. Similar results have not been re- 
ported in the MR literature, and no unique MR features have 
been identified to reliably distinguish benign from malignant 
soft-tissue lesions [3, 8, 17]. Petasnick et al. [12] did suggest, 
however, that clearly defined margins and uniform (homoge- 
neous) signal intensity on T2-weighted MR images were 
indicative of benignity, with the latter feature considered the 
most reliable indicator. 

Our results, based on a large number of cases of various 
causes (Table 1), suggest that there are no reliable MR criteria 
for differentiating benign from malignant soft-tissue masses. 
Furthermore, histologically high-grade malignancies may ap- 
pear on MR as well-defined, homogeneous soft-tissue 
masses without surrounding edema or involvement of adja- 
cent bone (Fig. 1). Conversely, benign soft-tissue lesions may 
appear on MR as poorly defined, inhomogeneous masses 
with surrounding edema and apparent involvement of adja- 
cent bony structures (Figs. 2 and 3). 
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in addition to the important broad distinction between be- 
nignity and malignancy, these 112 masses also were analyzed 
to determine if the MR images were sufficiently characteristic 
to allow a specific diagnosis. The diagnosis of 10 of 11 benign 
fatty tumors was easily determined on MR, where the signal 
intensity of the mass approximated that of subcutaneous fat. 
Six of these fatty tumors were intramuscular lipomas, in which 
the fatty elements predominated, although the tumor was 
inhomogeneous on MR because of interspersed regions of 
decreased signal on both pulse sequences. The latter was 
believed to represent either muscle or fibrous tissue within 
the lipoma. Benign fatty tumors are easily identified on both 
CT and MR [18], although atypical lipomas may be indistin- 
guishable from liposarcomas on both studies [19]. Of the four 
soft-tissue liposarcomas, two were of particular interest be- 
cause their MR appearance was nonspecific and failed to 
show evidence of fat. One of these tumors had an MR 
appearance of a synovial cyst (Fig. 1). One intramuscular 
myxoma had signal characteristics compatible with a fatty 
component on MR and, therefore, was misdiagnosed preop- 
eratively as a liposarcoma (Fig. 2). 

The MR appearance of pigmented villonodular synovitis 
also was sufficiently characteristic to allow successful pre- 
operative diagnosis in six of eight cases. Pigmented villonod- 
ular synovitis was suspected when the lesion showed areas 
of significantly decreased (or absent) signal intensity on both 
T1- and T2-weighted pulse sequences owing to deposition of 
hemosiderin within the mass (Fig. 4). Coexistent joint effusion 
and/or bone erosions (particularly when evident on both sides 
of the joint) supported the diagnosis of pigmented villonodular 
synovitis [20-24]. 

Two subacute hemorrhages (one hematoma and one pop- 
liteal artery pseudoaneurysm) were diagnosed easily because 
of high signal intensity on both T1- and T2-weighted pulse 
sequences [25-27]. Although readily apparent clinically, one 
hematoma was misdiagnosed on MR as an infiltrating neo- 
plasm because MR had been performed too early to show 
typical findings that would have suggested subacute blood 
[28]. One popliteal artery pseudoaneurysm failed to show 


Fig. 1.—Myxoid liposarcoma in a 28- 
year-old woman. 

A, Coronal T1-weighted MR image 
(600/20) shows well-defined, homoge- 
neous soft-tissue mass in subcuta- 
neous fat on medial aspect of left knee. 
Signal intensity of mass approximates 
that of skeletal muscle. 

B, Axial T2-weighted MR image 
(1800/80) shows septa (arrow) not ap- 
preciated on T1-weighted image. 
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Fig. 2.—intramuscular myxoma in a 
41-year-oidamnan. 

A and B, Axia’ T1-weighted (500/20) 
(A) and T2-weignted (3200/80) (B) MR 
images shaw poorly defined, complex 
soft-tissue mass in right thigh. Fat is 
noted withi: mass (arrows); preopera- 
tive diagnosis of liposarcoma was sug- 
gested. 


Fig. 3.—Staphylococcus aureus ab- 
scess in a 28-year-old man. 

A and B., Corresponding axial T1- 
weighted (630/32) (A) and T2-weighted 
(2000/80) (E) MF images of lower leg 
show infiltrating soft-tissue mass (as- 
terisks) withesurreunding edema. Mass 
is within gastrocnemius muscle. 
Edema and skin thickening were seen 
equally well ən corresponding axial CT 
scan (not shown). 


Fig. 4.-—-P’gmented villonodular sy- 
novitis in a 26-year-old woman. 

A and 8, Coronal T1-weighted (480/ 
22) (A) and T2-weighted (2000/80) (B) 
MR images -eveal well-defined soft- 
tissue mass arrows) of markedly de- 
creased signal intensity on both pulse 
sequences. This suggests hemosiderin 
deposition, awing blood, or calcifica- 
tion, 
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either subacute blood or hemosiderin deposition. Review of 
this patient's history indicated that the lesion was Clinically 
apparent for approximately 8 years before acquisition of the 
MR scan. Furthermore, surgery detected coexistent infection 
because the mass contained pus, although no organisms 
were identified on either Gram stain or culture. 

The MR appearance of the 10 hemangiomas was suffi- 
ciently characteristic to suggest a diagnosis in eight cases 
(Fig. 5). All showed markedly increased signal on T2-weighted 
pulse sequences [5, 8, 10, 29, 30]. Signal intensity approxi- 
mating that of skeletal muscle was noted on the T1-weighted 
pulse sequence with areas of fat interspersed within the 
tumor. The latter may reflect the fibrous/fatty septa inter- 
spersed between the endothelium-lined vascular channels of 
the tumor, as identified by Cohen et al. [29]. 

Schwannomas and neurofibromas tended to be homoge- 
neous [12] on the T1-weighted pulse sequence, with signal 
intensities somewhat greater than those of skeletal muscle. 
This was noted in six of 10 cases (Fig. 6). Hyperintensity 
relative to skeletal muscle on T1-weighted images was non- 
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specific and was also seen in pyogenic and sterile abscesses, 
fibromatosis, myositis ossificans, lymphangioma, fibroos- 
seous pseudotumor, fibrosarcoma, malignant schwannoma, 
and soft-tissue myxoid chondrosarcoma. The inability of MR 
to differentiate between benign and malignant nerve-sheath 
neoplasms has been noted previously [31]. 

The absence of signal from calcification and cortical bone 
makes their MR images more difficult to interpret [4, 14]. The 
MR images in two cases of synovial chondromatosis and two 
cases of myositis ossificans were quite difficult to interpret. 
The associated plain films were diagnostic and extremely 
helpful in the interpretation of MR images. In addition, phle- 
boliths, which were readily apparent on plain films in five 
hemangiomas, were identified clearly on only one MR image. 

One case of epidermal inclusion cyst showed a large 
amount of dependent debris on the T2-weighted sequence. 
This was not seen in other tumors (Fig. 7). 

In summary, the MR images of benign fatty tumors, pig- 
mented villonodular synovitis, hemangiomas, and hematomas 


can be quite characteristic, although not pathognomonic. 


Fig. 5.——Intramuscular hemangioma 
in a 6-year-old girl. 

A and B, Coronai T1-weighted (600/ 
20) (A) and T2-weighted (2000/80) (B) 
MR images of soft-tissue mass in me- 
dial aspect of left thigh. Mass has infil- 
trating margins. Areas of increased sig- 
nal on T1-weighted image are compat- 
ible with fat (long arrow); rounded 
areas of signal void on both pulse se- 
quences (short arrows) correspond to 
phleboliths. Signal voids are nonspe- 
cific and could represent vessels (flow- 
ing blood) as well as phieboliths. CT 
scan (not shown) clearly showed these 
to be phieboliths. 


Fig. 6.—Neurofibrosarcoma and two 
neurofibromas in a 28-year-old woman 
with neurofibromatosis. 

A and B, Corresponding coronal T1- 
weighted (700/32) (A) and T2-weighted 
(2000/80) (8) MR images show multiple 
tumors. Lesions are homogeneous on 
T1-weighted image and show minimally 
increased signal relative to skeletal 
muscie. Large sarcoma in left groin 
(white arrow) has signal characteristics 
almost identical to those of benign neu- 
tofibroma in lower abdominal wall 
(biack arrow). 
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Fig. 7.—Epidermal inclusion cyst in 
a 49-year-old man. 

A and B, axial T1-weighted (700/32) 
(A) and T2-weighted (2000/80) (8) MR 
images of knee show circumferentially 
well-defined: soft-tissue mass in sub- 
cutaneous fat. Debris is noted in de- 
pendent partion of mass on T2- 
weighted image (arrow). Correspond- 
ing sonogram (nct shown) showed that 
mass did no’ meet criteria for a simple 
cyst. 


A 


There are ^o reliable criteria to distinguish the MR images of 
malignant from benign soft-tissue tumors or tumorlike 
masses. Tne MR imaging characteristics most likely reflect 
the underlwing lesion morphology (fat content, hemosiderin 
deposition. cyst formation, hemorrhage, etc.) and not the 
specific histology. Because of the absence of MR signal from 
calcification, all scans should be interpreted with correspond- 
ing radiographs or CT scans. 
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Book Review 





Computed Tomography of the Abdomen in Adults. 85 Radiological Exercises for Students and Practitioners. 
By A. Wackenheim and A. Badoz. (Translated by Marie-Therese Wackenheim.) New York: Springer-Verlag, 159 


pp., 1988. $19.50 


The aim of Computed Tomography of the Abdomen in Adults is to 
provide an easy and simplistic approach to the CT morphology of 
some of the lesions affecting upper abdominal organs. This is a small 
(8 x 5 in. [20.3 x 12.7 cm]), unpretentious, softcover book of 85 
exercises, translated from French, containing exercises in abdominal 
CT diagnosis. It contains CT images illustrating common pathologic 
entities involving the liver, biliary ducts, pancreas, spleen, and kid- 
neys. The illustrations are uneven but mostly adequate in quality. The 
book has no references and no bibliography. in the first part, normal 
CT anatomy and a variety of pathologic conditions are presented as 
challenging unknown cases in numerical order without labels or 
associated text. Corresponding diagrams with appropriate explana- 
tions and a succinct description, diagnosis, and differential diagnosis 
are provided in the second section of the book. The English translation 
suffers from some odd medical expressions but generally poses no 
significant difficulties in understanding the text. 

To the uninitiated reader or beginner, this book provides a fast 
access to basic concepts of CT interpretation and illustrates the most 
common pathologic conditions affecting upper abdominal organs. 


This is basic, not state-of-the-art, CT pathology useful in the daily 
practice of a gastroenterologist, internist, or abdominal surgeon. For 
the diagnostic radiologist, however, this is already an outdated book 
offering limited new or useful information. In addition, some of the CT 
images are confusing, pathologic changes are not always well dem- 
onstrated, and some of the statements made in the explanatory text 
are overstated. For instance, the authors claim that 80-90% of 
common duct stones are visualized by CT and that the diagnosis of 
a duodenal tumor can be made because contrast material is not seen 
in the duodenum. 

Notwithstanding some of these limitations, the exercises can be 
useful to the medical student, resident in radiology, and the busy 
medical or surgical practitioner. Obviously, all this information and 
state-of-the art techniques in CT diagnosis are easily available in 
recently published CT textbooks. 


Emil J. Balthazar 
Bellevue Hospital 
New York, NY 10016 
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Expert Advice 


Technical Aspects of Abdominal CT in Infants and Children 


Robert A. Kaufman’? 


As a sesulit of remarkable advances in equipment, tech- 
nique, sedation, and general availability, CT plays a central 
role in the diagnosis of pediatric abdominal disease and injury. 
This article focuses on those techniques and strategies that 
produce successful examinations in infants and children. The 
practical aspects of technique are emphasized, including 
preparation of the patient, sedation, immobilization and posi- 
tioning, dynamic scanning with rapid table incrementation, 
technical factors, choice of contrast medium, and delivery of 
contrast medium. The discussion includes hints to help avoid 
pitfalls and traps that may spoil an examination in whole or in 
part. This practical technique is designed for the investigation 
of tumor. trauma, and infection in the infant and child [1]. 

The fotiowing presentation reflects 7 years experience with 
body CT in a large, tertiary-care, free-standing pediatric hos- 
pital with a wide referral area and a busy trauma service. 
Approximately 2700 examinations are performed annually, of 
which 75% are cranial and 25% are extracranial. The distri- 
bution of outpatients to inpatients is 55% to 45%. 


Basic Principles 


High-quality CT examinations of the infant and child are 
obtained easily by dynamic scanning at incremental levels 
during a olus injection of IV contrast medium. This method 
shortens the examination, provides excellent vascular and 
tissue opacification, and produces accurate and reproducible 





images. For dynamic scanning to be successful, however, 
meticulous attention to technique is required. 

The technique for obtaining high-quality CT scans of the 
abdomen is based on the following general principles. First, 
the patient must be cooperative. If a child is unable to follow 
breath-hoilding instructions or unable to lie motionless on the 
scanner table because of discomfort or young age, the patient 
should be sedated so that the radiologist, not the child, 
controls the examination. Second, faster scanning times pro- 
duce better results. Although a shorter scanning time reduces 
photon flux (and radiation dose), the outcome is generally a 
better quality scan because artifacts from respiratory motion 
and movement of the patient are minimized. Conversely, an 
excessively long scanning time increases photon flux (and 
radiation dose) but also enhances the likelihood of image 
degradation due to motion. Third, opacify everything. Oral 
and IV contrast media are usually necessary in order to 
provide satisfactory tissue contrast, which is inherently lack- 
ing in the infant and child. At times, a rectal contrast enema 
also is useful. When these principles are followed, CT can be 
a very accurate and useful tool for evaluating the abdomen in 
infants and children. 


Preparation of the Patient 


Food and liquids must be withheld from all infants and 
children who will receive IV contrast medium or sedation 
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(Table 1). It is preferable to do the same for patients receiving 
only alimentary tract contrast medium, although such cases 
are infrequent in our experience. As such, virtually all patients 
having abdominal CT examinations forego food and liquids 
for some length of time before the examination (Table 1). 

Two additional benefits are derived from making the older 
child and teenager fast after midnight for a morning exami- 
nation. Although the intent of this measure is not to dehydrate 
the patient, it virtually guarantees that the patient will be 
thirsty enough to drink the oral contrast medium, which is 
less than tasty to some. Second, it avoids having the energetic 
teenager arise at 4 a.m. to gobble down a 12-course breakfast 
only to become nauseated at 8 a.m. during a bolus IV contrast 
injection! 


Venipuncture 


A large-bore butterfly needle or a 22-gauge intravascular 
cannula is inserted into a vein in (preferably) the upper extrem- 
ity and attached to a heparin well. It is secured with tape to 
an extremity that has been firmly immobilized on an arm 
board. Venipuncture is not routinely performed in the lower 
extremity, particularly when the liver or upper abdomen is 
being examined, in order to avoid artifacts caused by dense 
contrast medium in the inferior vena cava, which is subject 
both to respiratory and cardiac motion near the diaphragm. 
Venipuncture is performed first, as soon as the patient arrives 
to be scanned, so that the child’s fears of a “shot” are not 
prolonged unduly. 


Oral Contrast Medium 


Almost all patients receive oral contrast medium to opacify 
the upper gastrointestinal tract because unopacified bowel 
loops may be mistaken for an abnormal fluid collection, and 
conversely, abnormal fluid collections may be mistaken for 
unopacified bowel loops. 

We use a diluted solution of ionic contrast medium (Hy- 
paque Sodium Oral Solution, Winthrop-Breon Laboratories, 
New York) dissolved in a flavored, clear liquid (grape or 
rainbow punch Kool-Aid, orange Tang), which masks the 
unpleasant taste moderately well. A 1.5% concentration of 
Hypaque Oral liquid is dense enough to opacify the small 
bowel, but is usually not so concentrated in the colon that it 
creates artifacts. The usual volume of liquid administered is 
4-16 oz (118-473 ml) of this solution, given according to an 
arbitrary dose regimen (Table 2). 


TABLE 1: Suggested Schedule for Withholding Food and Liquid 
Before CT 





Age When to Withhold 
Premature Consult neonatologist 
Neonate One feeding 
Infant < 1 year For 3 hr 
Over 1 year For 4 hr 
Older children and adolescents After midnight for morning 
examinations 
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TABLE 2: Oral Contrast Medium, Single-Dose Regimen 





Volume of 1.5% 


Age Solution 
Neonate Per neonatologist 
Under 1 year 4 oz (118 mi) 
1-5 years 8 oz (237 ml) 
6-12 years 12 oz (355 ml) 
Over 12 years 16 oz (473 ml) 





Note.——Each ounce (29.6 mi) of 1.5% oral contrast medium contains 1.1 mi 
of stock solution Hypaque Oral liquid. 


When to Use a Nasogastric Tube 


If liquid cannot be taken orally, it may be necessary to use 
a nasogastric tube to deliver the oral contrast medium. The 
same is true for a young child who refuses to drink the oral 
contrast medium as the time of examination nears. If praise 
and encouragement and help from the child’s parent do not 
elicit success, an 8-French feeding tube is placed into the 
stomach to deliver the contrast medium. Additives for flavor- 
ing are not used in this case. This may save a greater deal of 
time and anguish, and gives control of the gastrointestinal 
tract opacification to the radiologist rather than leaving it to 
the whim of the child (Fig. 1). It also provides the opportunity 
to aspirate swallowed air from the child’s stomach, which 
may cause an artifact because of its interface with high- 
density oral contrast medium. 


Timing of Oral Contrast Medium 


In order to opacify the small bowel for an upper abdominal 
examination, a single dose of oral contrast medium (Table 2) 
is administered 45 min before scanning. This opacifies the 
gastrointestinal tract from the stomach to the terminal ileum. 
If an examination of the abdomen and pelvis is to be per- 
formed (e.g., in Hodgkin disease staging), then a single dose 
of oral contrast medium is given the preceding evening (12- 
14 hr before scanning) [2] and a second dose the morning of 
(45 min before) scanning. Additional oral or rectal supplemen- 
tation is given if needed. 

When upper abdominal injury is suspected [3], the exami- 
nation is begun only 10-15 min after administration of oral 
contrast medium. This allows contrast medium to reach the 
upper small bowel if ileus is not present. The time interval 
between contrast administration and scanning may be length- 
ened if lower abdominal injury is suspected and it is safe to 
do so. Occasionally, emptying the stomach can be expedited 
by placing the child in the right lateral decubitus position on 
the gurney or scanner table. In addition, when examining a 
patient with blunt trauma, we reduce the volume of oral 
contrast medium in the suggested dose schedule (Table 2) 
by one third to one half. This is particularly important if splenic 
injury is suspected, because distension of the stomach in a 
child with a ruptured spleen commonly causes pain and 
nausea. In addition, most emergency circumstances dictate 
a short examination time, which does not allow the usual 45 


min for contrast medium to opacify the entire upper gastroin- 
testinal tract. 
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Fig. 1.—CT scan of 19-month-old girl 
with splenic-granulomatous abscesses 
from histoplasmosis. Oral contrast me- 
dium given through nasogastric tube 
produces ne air-contrast level in stom- 
ach. 


Fig. 2.—-Bolus effect. An aortocaval 
contrast deusity difference of greater 
than 30 H altows detection of infiltrative 
disease throughout liver on CT scan of 
7-year-old bay. Note bolus effect in Fig. 
1 also. 


Vomiting of contrast medium is a problem that occurs 
occasiona'ly, particularly in oncology patients who are receiv- 
ing chemctherapeutic drugs and often are nauseated. In this 
case, we try to schedule an elective CT examination either 
the week before or sufficiently after chemotherapy adminis- 
tration sœ that the tendency for nausea is minimized. The 
injured chid may become nauseated if the stomach is rapidly 
distended. In this circumstance, we infuse the oral contrast 
medium s:owly via a nasogastric tube in order to obtain good 
opacification, while avoiding excessive gastric distension. 


When Notto Use Oral Contrast Medium 


Oral contrast medium is usually given for most examina- 
tions of tre abdomen for trauma, tumor, and infection. How- 
ever, if oniy the liver, spleen, or kidney parenchyma is to be 
scanned, it may be useful not to opacify the upper gastroin- 
testinal tract when an air-contrast level in the stomach inter- 
feres with lesion detection in the left lobe of the liver; when 
bowel distension is severe enough to cause artifacts that 
hinder interpretation of the inferior edges of the left and right 
lobes of the liver; and when a nauseated patient will most 
likely vomit during injection of IV contrast material, causing 
delay in or interruption of scanning. For example, we do not 
think it necessary to administer oral contrast medium for 
examinatian of the liver, spleen, and kidneys in the immune- 
suppressed patient when looking for microabscesses [4]. 

Related contraindications to the use of oral contrast me- 
dium include the lack of a gag or cough reflex and a patient 
who is intubated without a cuffed endotracheal tube. This is 
particularly important, in our opinion, in the patient with head 
injury whc is comatose or unresponsive. In most institutions, 
oral contrast medium is contraindicated if general anesthesia 
is planned. 


Renal Coatrast Enema 


When cpacification of the distal colon is needed, a 1.5% 
solution ef Hypaque Oral liquid in tap water is administered 
slowly via a small-caliber barium enema tip. The volume of 
contrast solution should be limited to less than 200 mi: 50 mi 
for infants. 100 ml for young children, 150 mi for older children. 
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If sedation is required for the examination, the contrast enema 
is given after the patient is sedated. The liquid is usually 
retained very consistently even if the child is asleep. The key 
to success is a small volume, given through a small tube, 
slowly. 


Sedation 


Sedation is necessary in most children under 4 years of 
age, especially when IV contrast medium is used. Most infants 
and children in this age group are best examined while asleep. 
Although some 4 and 5 year olds are mature enough to 
breath-hold on command or remain motionless for the entire 
examination. many will require sedation. With children over 5 
years of age, less sedation is needed. Our most successful 
drug regimen is based on IV pentobarbital, IV phentanyl, or 
(in the infant 1 month to 18 months of age) oral chlora’ hydrate. 

IV pentobarbital is given initially in a dose of 2 mg/xg. If this 
is insufficient, additional pentobarbital is given to a maximum 
of 6 mg/kg [5]. After an initial dose of pentobarbital, if the 
child is very close to sleep but awakens when positioned or 
when the scanner table moves, IV phentanyl is administered 
by titrating 1 «g/kg until sedation and or analgesia is achieved. 
We rarely exceed a 2 „g/kg dose. If the child has already 
received a second dose of pentobarbital, such that the total 
pentobarbital dose is =5 mg/kg, then we are very judicious 
about the use of any additional phentanyl and gererally do 
not exceed 2 g/kg, especially if there is oral contrast medium 
in the gastrointestinal tract. Occasionally, phentanyl is used 
alone if only calming and analgesic effects are neeced, such 
as in the child with a skeletal injury or other painful condition 
that precludes cooperation. Phentanyl and pentobarbital must 
be administered cautiously and according to the manufactur- 
ers’ recommendations. As with any potent narcotic or barbi- 
turate, substantial risks are associated with their use and the 
patient must be monitored closely and carefully. There is an 
increased risk of respiratory depression and arrest when 
phentanyl and pentobarbital are combined. In our group, this 
Sedation protocol has been 98% successful, with a very small 
complication rate of 2% (R. Towbin and R. Kaufman, unpub- 
lished data in 1020 cases). Recently, Strain et al. [5, 6] have 
reported a similar success and safety rate in their use of IV 
pentobarbital for CT sedation. 
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Sedation Failures 


In our experience, sedation is most likely to fail in the 
severely mentally retarded child, the organ or bone marrow 
transplantation patient, and the patient receiving chronic bar- 
biturate medication. In the last two categories, the hepatic 
metabolism of the sedatives we commonly use may be in- 
creased to such a level that doses far in excess of our usual 
regimen are required for successful sedation. When we en- 
counter a sedation failure or anticipate unusual sedation 
difficulties, we consult our colleagues in pediatric anesthe- 
siology for help and advice, believing that circumstances out 
of the routine are best handled by pediatric experts in seda- 
tion. 


Monitoring of the Patient 


All patients undergoing sedation for CT are carefully moni- 
tored, both visually by nursing and medical personnel, as well 
as by mechanical means using a pulse-oximeter or a cardio- 
respiratory monitor with ECG recording capability. Periodic 
recording of vital signs is done according to institutional 
guidelines. Blood pressure recording is not done routinely 
unless the patient is critically ill or injured, as this tends to 
wake up the sedated child, and thus adds to the examination 
time, the radiation dose, and the amount of sedation required 
for an adequate study. 


Psychological Preparation: The Three Es 


For the child who will remain awake for the procedure, it is 
important to provide a simple and truthful exp/anation of the 
procedure to be performed. Information should be provided 
in a reassuring and nonthreatening manner. Speaking softly 
and in a friendly tone is less frightening. The scanning room 
should be relatively quiet, noise kept at a minimum. The child 
shouid not be left alone for any length of time, as this often 
adds to the anxiety level and increases the likelihood of 
improper positioning and unexpected movement. 

Giving the child an expectation of what will occur decreases 
the likelihood that “surprise” will ruin the study. This is partic- 
ularly important for the injection of contrast medium during 
dynamic scanning with table incrementation. in those children 
well enough and mature enough to follow instructions on 
command and who can repeatedly suspend respiration for 5 
sec, we practice breath-holding before the examination be- 
gins. Kuhns et al. [7] have shown that most 5-year-old children 
can voluntarily suspend respiration for 5 sec or more. Our 
experience supports that finding. in children 4 to 5 years old 
who cannot do this, quiet breathing in an otherwise motion- 
less child may be satisfactory. Sometimes, however, it be- 
comes obvious during “practice” that sedation will be neces- 
sary to avoid unacceptable motion. 

Finally, all young children generally want to know “When 
will we be done?” Accurately predicting the end point of the 
examination is important in maintaining the child's concentra- 
tion and cooperation throughout the examination. Virtually all 
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children old enough and well enough to breath-hold on com- 
mand are capable of counting from one to 20 or so. Thus, we 
tell each child how many scans (“pictures”) will be taken so 
that he can count along with us through the critical part of 
the examination. 


Immobilization and Positioning 


All children undergoing abdominal CT are positioned supine 
with both arms elevated above the head, elbows slightly 
flexed. For the trauma patient who may have a clavicle or 
humerus fracture, the orthopedist or surgeon is asked to help 
move the injured extremity safely into a position out of the 
field of view of the X-ray beam. We do not scan the abdomen 
or chest with an upper extremity in the X-ray beam. The upper 
extremities are then immobilized by using tape or velcro 
wristlets with enough tension to make even the sleeping child 
feel secure. A velcro strap is placed across the chest and 
another across the thighs and knees. All extraneous tubes, 
catheters, and monitor leads are removed from the field of 
view before scanning. Care is taken to position and align the 
patient as perfectly as possible. 


Technique 
Scout Digital Radiographs 


An anteroposterior digital radiograph is made from above 
the diaphragm to the iliac crests or lower, if warranted, for 
examination of the lower abdomen and pelvis. The digital 
radiograph is used for localizing a specific anatomic area, for 
planning the noncontrast and contrast scans to be taken, for 
determining the presence of gastric and bowel dilatation, and 
for determining the adequacy of distribution of oral contrast 
medium. A lateral digital radiograph is occasionally useful in 
blunt trauma if free intraperitoneal air has not been excluded 
beforehand by plain radiographs. 


Scout Scans Made Without Contrast Medium 


Because infants and younger children have little fat or 
inherent contrast of their own, there is little need for extensive 
noncontrast abdominal scanning in children, especially if the 
contemplated lesion(s) is (are) small. Although unenhanced 
sections in the abdomen may be useful when detection of 
calcification or hemorrhage is important, if diffuse infiltrative 
disease is suspected in the liver, and when a known solitary 
lesion is being investigated, they are most useful for checking 
the distribution of oral contrast medium in the bowel, for 
determining positioning and technical factors to be used, and 
as another opportunity to test of the level of cooperation of 
intermittent breath-holding during the exposures. In the usual 
upper abdominal CT examination, we make an average of 
four to five evenly spaced non-contrast-enhanced slices 
through the area of interest. An important exception to this is 
the workup of a new abdominal tumor, or an examination to 
look for calculi in the kidneys or urinary tract. 
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IV Contrast Medium: Strategies for Use 


in our opinion, the most successful CT examination of the 
abdomen in an infant or child is obtained by injecting a bolus 
of contrast material with dynamic scanning and rapid table 
incrementation [8]. Other contrast strategies, including de- 
layed scanning, infusion, and postinfusion scanning tech- 
niques, are less reliable for most lesions [9-13]. 

The “bolus effect” after rapid injection of contrast medium 
is a rapidly changing rather than uniform phase. The concen- 
tration of contrast material differs between the aorta and the 
inferior vena cava by more than 30 H (bolus effect), which 
enhances lesion detectability (Fig. 2). Equilibrium phase (dif- 
ference in iodine concentration between aorta and inferior 
vena cava of less than 10 H) is reached 2 min after bolus 
injection and almost immediately after an infusion [12]. Equi- 
librium phase scanning does not improve lesion detectability 
and it carries the risk of lesion isodensity [12]. Delayed 
scanning also heightens the risk of isodensity of nonhyper- 
vascular lesions [12, 13]. 


Dynamic Scanning with Table Incrementation 


The key part of each examination is the dynamic scanning 
with table incrementation during a bolus injection of IV con- 
trast medium. Contrast medium is injected as rapidly as 
possible while consecutive scans are taken and the table is 
incremented (Fig. 3). If the child is sedated, the table is 
incremented as rapidly as possible. If the child is breath- 
holding, a 6-sec (to 8-sec) interscan delay is programmed 
between exposures. 

Thus, if one is using a sub-5-sec scanner (e.g., GE 8800) 
with a 4.8-sec scanning time, the total “slice unit” (scanning 
time + table incrementation) per table location varies between 
7.3 and 10.8 sec (Table 3). For a sub-2-sec scanner (e.g., GE 
9800) the slice unit varies between 5.5 and 8.0 sec. By 
multiplying the slice-unit time by the number of scans pro- 
grammed, the total scanning time can be calculated. Most 
examinations in infants and children will take 60-120 sec for 
the dynamic scanning with table incrementation. Ultrafast CT 
scanners have exposure times up to 20 times shorter than 
most conventional scanners, which may reduce the slice-unit 


Fig. 3.—-Dynamic CT scanning with 
rapid table incrementation in a 9-year- 
old boy with head injury and blunt ab- 
dominal trauma. “Slice-unit” time is 5.5 
sec. Scan was made in corticomedul- 
lary junction differentiation (arterial) 
phase of injection of contrast medium. 
Note complex, central laceration of 
liver parenchyma, and halo of blood 
around inferior vena cava. 


Fig. 4. 1.2-sec partial arc scanning 
time provides high-quality CT image in 
a 15-month-old abused infant. Note 
splenic infarct, perigastric hematoma, 
and blood in fissare for ligamentum 
teres. 
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time considerably, as well as decrease the radiation dose and 
the need for sedation. 


Scanning Time 


We advocate the use of the shortest scanning time avail- 
able. With our scanner, the 2-sec scan or 1.2-sec partial arc 
scan (Fig. 4) are used routinely. It may be necessary to 
increase the milliampere setting when using the partial scan- 
ning time in older children in order to generate high-quality 
images. 


Slice Thickness and Interval 


Routine abdominal examinations are performed by using 
contiguous 10-mm sections. If wide respiratory excursion is 
present in breathing infants and young children, overlapping 
10-mm scans at 7.5-mm table increments helps avoid gaps 
in information in both the abdomen and the chest. Thinner 
sections are reserved for the very detailed work, such as 
pancreatic examinations, and are rarely used. 


Choice of Contrast Medium 


We prefer to use a nonionic contrast agent such as iohexol 
or iopamidol (300 mg/ml), usually at a dose of 2 mi/kg to a 
maximum of 100 mi, for all body CT examinations. The 
nonionic agents have the advantage of causing less nausea 
and vomiting during administration of the bolus of contrast 
medium, reduced local sensation on injection (important both 
in the sedated and the awake child); and subjectively, less of 
an unpleasant feeling, in general, is reported. Any or all of 
these factors could otherwise potentially ruin an examination 
in a marginally cooperative or mildly sedated patient. 

Because of the viscosity of nonionic contrast agents, a 
bolus injection may be difficult if the IV cannula is small. 
Warming the contrast medium to body temperature (98.6°F) 
in a continuous temperature contrast-material warmer is use- 
ful to reduce viscosity during injection. Avoidance of larger 
volume syringes in preference to smaller sizes also allows for 
a faster injection of contrast medium. If multiple smaller 
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TABLE 3: Slice Unit Time 


Sub-5-Sec Scanner 








AJR:153, September 1989 


Sub-2-Sec Scanner 
(e.g., GE 9800) 





Patient ae a = ea on ames oe T i re 
canning able canning abie 
Time Incrementation Total Time __Incrementation _ Bie O 
Sedated 48sec + 2.5 sec = 7.3sec 20sec + 3.5 sec = 5.5 sec 
(minimum) (minimum) 
Breath-holding 48sec + 6.0 sec = 108sec 20sec + 6.0 sec = 8.0 sec 








Fig. 5.—Rapid bolus injection of more than 50% of total IV contrast 
dose before CT scanning allows excellent vascular enhancement of inferior 
vena cava and hepatic veins, as well as liver parenchyma in dome of liver. 


volume syringes are used, they may be connected to a three- 
way stopcock so that the flow of IV contrast medium is 
interrupted as little as possible during syringe changes. As 
nonionic contrast medium is expensive, unused contrast me- 
dium can be saved and refrigerated in the original vial to be 
used later for preparation of oral or rectal solutions of contrast 
medium. 


How to Administer A Bolus 


For upper abdominal examinations, 50% of the total dose 
of contrast material is injected as rapidly and evenly as 
possible, then scanning is begun while the second half of the 
dose is injected (Fig. 5). If the total scanning time is very short 
and the total number of scans is quite small, 60% to 65% of 
the dose may be injected before the scanning is begun. 

For examinations of the abdomen and pelvis, scanning is 
begun after 40% to 50% of the total dose of contrast material 
is injected rapidly. The injection is completed as quickly as 
possible. Occasionally in older children, a small additional 
aliquot of contrast medium (0.5 mi/kg) is helpful when injected 
at the level of the umbilicus during rapid table incrementation 
from the diaphragm to the symphysis pubis in order to sup- 
plement the enhancement of the pelvis. 

When visualization of the renal collecting systems and 
ureters is essential, the technique is modified to ensure mod- 
est but adequate pyelographic excretion of contrast medium 
in the urinary tract. This involves injecting from 2 to 5 mi of 
IV contrast medium approximately 3 to 5 min before the bolus 


injection. Collecting system density will be sufficient, but not 
enough to cause an artifact in the breathing patient. 


A Strategy for Successful Results 


Although the time spent in preparation, sedation, and po- 
sitioning of the child forms a strong foundation for high-quality 
results, the 2 min needed for the dynamic scanning and table 
incrementation is the most critical period of the examination. 
If the radiologist is present within or immediately outside of 
the scanning room, monitoring and supervising the procedure, 
then there is a greater chance of anticipating difficulty, cor- 
recting problems, and potentially saving an examination that 
otherwise may be spoiled. It is time and effort well spent. 
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Pictorial Essay 





CT of Blunt Abdominal Trauma in Children 


George A. Taylor, ° Christopher J. Guion, "4 Barry M. Potter,''? and Martin R. Eichelberger? 5 


CT has become the imaging method used most often in 
the evaluation of children with suspected abdominal injury 
after biunt trauma. Its utility in the determination of the pres- 
ence and extent of injury has been well documented [1-3]. 
Familiarity with patterns of injury in childhood and their ap- 
pearance on CT is important for the radiologist involved in 
imaging acutely injured children. In this essay we present our 
experience with 615 consecutive children evaluated with CT 
for blunt abdominal injury over a 5-year period. 


Technique 


CT scans were obtained on either a GE 8800 (before June, 
1983) or GE 9800 CT scanner (General Electric, Milwaukee, 
Wi), with 1-cm-thick slices at 1-cm intervals. All children 
received 3 ml/kg of iothalamate 43% (Conray, Mallinckrodt, 
St. Lowis, MO) by rapid IV infusion for contrast enhancement. 
Gastrcintestinai contrast material was not used routinely but 
reserved for situations in which an injury to the intestinal tract 
was strongly Suspected clinically but not shown on standard 
CT images (two patients). Appropriate positioning, removal of 
overlyiag metallic hardware, and a sufficiently large radius of 
reconsiruction are keys to accurate CT diagnosis in the 
traumatized child (Fig. 1). 


Solid-Organ Injury 


One hundred twenty-three children (20%) had solid-organ 
injuries. Of these, 45 children (37%) had injuries to more than 
one abtfominal organ. In contrast to experience reported in 


the literature [1], the liver was the most commonly injured 
solid viscus in this series (47%). followed by the spleen (44%), 
kidney (34%), and pancreas (6%). Although CT was useful in 
the detection and delineation of most parenchymal injuries 
(Figs. 1-5), pancreatic injury occasionally was difficult to 
identify with CT. The plane of fracture through the pancreas 
and peripancreatic soft-tissue changes were often subtle and 
nonspecific in the acute phase of injury (Figs. 6-8). 


Hollow-Organ Injury 


The CT diagnosis of hollow viscus rupture usually depends 
on the presence of extravasated air or contrast material. 
Pneumoperitoneum was detected in four of six intestinal 
perforations (Figs. 9 and 10). In two children, thickened bowel 
wall and unexplained peritoneal fluid collections were the only 
CT indications of intestinal perforation (Fig. 11). Intraperitoneal 
bladder perforation was identified on CT in two children by 
the presence of extravasated contrast material in the perito- 
neal cavity (Fig. 12). Although the specific site of rupture was 
not identified on CT, the presence of air or extravasated 
contrast material in the peritoneal cavity was an indication for 
surgical exploration of the abdomen. 


Physiologic Instability 


Recently, we have recognized a complex of findings on 
abdominal CT that are associated only with profound shock 
in young traumatized children [4]. This “hypoperfusion com- 
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Fig. 1.—8-year-old boy injured in fall. 

A, CT scan at another hospital with patient in 
oblique position, and with a smail radius of re- 
construction. Significant motion was present on 
scans above and below this level. Peripheral 
splenic lucencies were interpreted as beam- 
hardening artifacts related to overlying ribs. 

B, CT scan 4 hr later at our institution shows 
a shattered spleen and small amount of perito- 
neal fluid surrounding liver (arrow). 















A 


Fig. 2.—9-year-old boy struck by car. 

A, initial CT scan shows complex injury to right lobe of liver, extending to and surrounding inferior vena cava. Patient was hemodynamically stable and 
was treated nonoperatively. 

B, Follow-up CT scan at 1 month shows partial resolution and liquefaction of hematoma. 

C, CT scan at 3 months shows almost complete resolution of injury. Only a thin, irregular lucency remains. 





A B 


Fig. 3.—5-year-old boy crushed by dumpster. Fig. 4.—1-year-old girl injured in motor vehicle accident. 
CT scan shows vascular compromise of most of A, CT scan shows vascular compromise of lower pole of right kidney. 
right lobe of liver and right kidney. Note sharp B, Arteriogram 1 week later shows intimal tear of accessory right renal artery (arrow). Balloon 


cutoff of right portal vein (arrow) and flattening of angioplasty and surgical repair of the vessel were unsuccessful, and the patient required a hemi- 
inferior vena cava. Fever, abdominal pain, and nephrectomy for control of blood pressure. 

leukocytosis developed 1 week later; a partial 

hepatectomy was required because of infection in 

infarcted portions of liver. 
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Fig; 5.—2-year-old girl injured in motor vehicle 
accident. CT scan 2 days after injury shows poorly 
functiening.znacerated left kidney and a moderate 
amourt of peritoneal fluid. Follow-up DTPA renal 
scan {not shown showed minimal return of func- 
tion. 


Fig; 6.——43-year-old girl injured in fall. Hema- 
toma of parcreatic tail was suspected on initial CT 
scan (@rrows). At surgery, a hemorrhagic papillary 
cystictuma: was removed from pancreas. 


Fig. 7,—*1-year-old boy injured in motor vehicle 
accident. 

A, initiat- GT scan shows transection of body of 
pancreas (arrow). 

B, Follow-up CT scan obtained because of per- 
sisten! abdeminal pain shows well-defined pseu- 
docysi (arraw). Fever and leukocytosis developed, 
and surgicai cyst drainage was required. 


A B 


Fig. 3.-—-&-year-old boy run over by trailer. 
A, iritial CT study. Pancreas was interpreted as normal. 


B, Follow-up sonogram 12 days later shows poorly defined pseudocyst (measured by cursors) 
near tail of pancreas (arrow). 
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Fig. 9.— 10-year-old boy who fell against han- 
diebars while riding bicycle. Small bubble of free 
peritoneal air is seen adjacent to ligamentum teres 
(arrow). Perforation of proximal jejunum was found 
at surgery. 








A m Oe . 


Fig. 10.—2-year-old abused girl. Her blood pressure was unobtainable on arrival at emergency room. She responded to resuscitative measures and 
appeared to be clinically stable at the time of CT. She had a severe metabolic acidosis (pH, 6.84; base deficit, —28). 

A, CT scan shows large hemopneumoperitoneum, transection of pancreas (straight arrows), and small bubbles of gas in retroperitoneum (curved 
arrow). 

B, CT scan shows markedly dilated loops of abnormally enhancing bowel; dense nephrograms; and small caliber of aorta, superior mesenteric artery, 
and vein. Aortic diameter below renal arteries was 3.0 mm. At surgery, transections of pancreas and duodenum were identified and repaired. Acute 
respiratory distress developed, and the patient died 20 hr after surgery. 





A B | 12 


Fig. 11.—2-year-old girl with gross hematuria after motor vehicle accident. Fig. 12.—~- 16-year-old girl injured in motor ve- 
A and B, CT scans show intraperitoneal contrast material (A) and contracted, irregular bladder wail hicle accident. Diffusely thickened and abnor- 
(B, arrows). Perforation of bladder was repaired at surgery. mally enhancing small bowel was present on 


initial CT scan (not shown). Because of strong 
suspicion of intestinal injury, barium was admin- 
istered orally and CT was repeated. Diffuse 
thickening of small bowel and peritoneal fluid 
are present. No extravasation is evident. A je- 
junal perforation was identified at surgery. Dif- 
fuse edema of smali bowel was confirmed and 
thought to be related to vascular injury. 


Fig. 13.—7-year-old boy struck by car. Initial 
chest radiograph (not shown) was overexposed 
and did not allow evaluation of mediastinum. 

A, CT scan shows evidence of retrocrural he- 
matoma (arrow), suggesting a possible medias- 
tinal hematoma. 

B, Repeat chest radiograph after CT shows 
bilateral paraspinal and mediastinal widening con- 
sistent with vascular injury. The patient died next 
day of severe head injuries. Autopsy showed a 
transection of aortic arch and left pulmonary vein. 
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A 


Fig. 14.-—10-year-old boy struck by car. 


B 


A, Portable chest radiograph shows small bilateral pneumothoraxes (arrows). Pleural tubes are present. Nasogastric tube is coiled in esophagus, and 


tip of endotracheal tube is in right main bronchus. 


B, CT scan. obtained within 30 min of radiograph shows large bilateral pneumothoraxes with marked loss of volume in both lungs and moderate 
subcutaneous emphysema. Left pleural tube was thought to be in major fissure. 


plex” consists of marked, diffuse dilatation of the intestine 
with fluid; abnormally intense contrast enhancement of the 
bowel wall. mesentery, kidneys, and/or pancreas; decreased 
caliber of the abdominal aorta and inferior vena cava; and 
moderate +o large peritoneal fluid collections (Fig. 12). This 
complex was present in 13 patients. All appeared clinically 
stable at the time CT was performed but died within 36 hr of 
presentatian. 


Chest Injuries 


The lower chest is often included in the CT imaging of the 
upper abdamen. Associated parenchymal or mediastinal in- 


juries were detected in 15% of children examined with CT. 
Plain radiographs of the chest often missed or underestimated 
the degree of abnormality present (Figs. 13 and 14). 
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Book Review 


Diagnostic Imaging of the Acute Abdomen. A Clinico-Radiologic Approach. By Dieter Beyer and Ulrich Médder. 
(Translated by Terry C. Telger.) New York: Springer-Verlag, 445 pp., 1988. $130 


This work is divided into six chapters encompassing clinical fea- 
tures, imaging techniques, imaging findings, specific disease entities, 
pediatrics, and charts giving relative values of studies in specific 
clinical contexts. The contributors are 11 German radiologists and 
one German surgeon. The quality of the English translation is excel- 
lent; for the most part the reader is unaware that this book was 
originally a German text. The images are mostly plain films, sono- 
grams, and CT scans, with some contrast gastrointestinal examina- 
tions and angiograms. The image quality is excellent, especially the 
sonograms. The line drawings illustrating anatomic points are also 
excellent. The quality of the binding and paper is first-rate. The cost 
is high. The references at the end of each chapter are not specific 
citations; they are in the form of suggested reading lists and include 
mostly texts and some older and more recent journal articles. 

This book was designed to “serve as a quick reference aid in daily 
practice,” assist the attending physician in tailoring imaging studies 
to the problems of the given patient, and “show the current status of 
diagnostic radiology in the investigation of the acute abdomen.” The 
authors’ aim is to provide short, clear presentations emphasizing 
relevant signs and symptoms and clinical problems, with some una- 
voidable overlap between chapters emphasizing, in turn, methods, 
signs and symptoms, and diseases. 

The first chapter, on clinical examinations and signs and symptoms, 
is short and superficial, consisting mostly of lists of signs and symp- 
toms and diagnoses. | disagree with the statement that the physician 
must know location and character of pain, rigidity, and peristalsis in 
order to interpret radiographs, sonograms, and CT scans of the acute 
abdomen correctly. The second chapter, on imaging techniques and 
systematic analysis, is also short and superficial. In this chapter and 
the subsequent chapter, use of water-soluble material in studies of 
the upper gastrointestinal tract is recommended for diagnosis of 
suspected partial or complete obstruction of the small bowel and for 
“therapeutic effect” in paralytic ileus. Most gastrointestinal radiolo- 
gists would use barium in these patients and would dispute any 
therapeutic effect of water-soluble contrast material in paralytic ileus. 
Enemas with water-soluble contrast material are recommended for 
patients with clinical or radiologic findings that suggest perforation or 


obstruction of the colon. | prefer barium for diagnosis of obstruction 
and would not use any enemas with contrast material if free air were 
present. If localized colonic perforation is suspected and no free air 
is present, | prefer barium. The authors advocate a left lateral decu- 
bitus view of the abdomen in addition to the supine view for evaluation 
of the acute abdomen. The most common practice in the United 
States for patients who can stand is to take chest and abdominal 
films with the patient erect in addition to the film taken with the 
patient supine. 

Chapter 3, on radiologic findings, is quite good at an elementary 
level. The statement that “duodenal distension is present on the left 
lateral decubitus x-ray in 90% of patients with pancreatitis” | find hard 
to believe. One illustration on plain film, sonogram, and CT scan of 
duodenal distension allegedly due to pancreatitis shows a normal 
pancreatic head on the CT scan. Most would disagree with the 
recommendation that every renal CT study should include scanning 
both before and after administration of IV contrast material. Chapter 
4, on specific disease processes, is a good elementary overview. If 
radiologists followed literally the authors’ recommendation that “when 
abscess is suspected and plain films and sonography are negative, 
always do CT or operate,” the result would be a lot of laparotomies 
with normal findings. Chapter 5, on pediatrics, is good. The sixth 
chapter consists of a long list of clinical impressions and relative 
values of imaging studies that is fairly worthless to anyone with 
common sense who has read the preceding text. 

| can recommend this book to medical students rotating through 
radiology, surgery, or emergency medicine; surgical residents; and 
beginning radiology residents. Because of its price, | recommend 
they take it out of the library rather than buy it. Because the illustra- 
tions are excellent, and the text is a good, albeit superficial, overview, 
1 will put my copy in our departmental library and insist that our 
medical students and beginning residents read it, and | will encourage 
our senior residents to leaf through the pictures. 


Arnold C. Friedman 
Temple University Hospital 
Philadelphia, PA 19140 
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The Value of CT in Detecting 
Bowel Perforation in Children After 
Blunt Abdominal Trauma 





In this era of conservative management for most infants and children with blunt 
abdominal trauma, there is a concern that the diagnosis of bowel perforation may be 
missed or delayed. To determine the sensitivity of CT in the detection of perforated 
viscus in this population, we reviewed the CT examinations of 547 consecutive children 
who had had blunt abdominal trauma. Of six patients (1%) with documented bowel 
perforation, four (67%) had free intraperitoneal air detected preoperatively by CT. The 
remaining two cases had secondary signs of bowel thickening and unexplained perito- 
neal fluid. Free intraperitoneal air was not a specific indicator for bowel perforation. Of 
nine patients in whom CT studies showed pneumoperitoneum, only four (44%) had a 
ruptured bowel. The remaining five patients had pneumoperitoneum from sources other 
than bowel perforation including pneumomediastinum, bladder perforation, and previous 
peritoneal lavage. 

This experience shows that the CT finding of pneumoperitoneum is useful, although 
not specific for the detection of bowel perforation in children with blunt abdominal 
trauma. When free air is not present, secondary signs of bowel wall thickening and 
unexplained peritoneal fluid suggest a bowel perforation. 
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The use of CT in the diagnosis of solid organ injury after blunt abdominal trauma 
has been well established [1-4]. However, little information is available on the 
accuracy of CT in the detection of bowel perforation [5-7]. We reviewed our 
experience with CT evaluation of children with blunt abdominal trauma to determine 
the sensitivity and specificity of various CT findings in the diagnosis of intestinal 
perforation. 


Materials and Methods 


Since January 1983, 547 consecutive children have been examined with CT at our hospital 
after blunt abdominal trauma. indications for CT scans included physical signs and symptoms 
such as tenderness, distension, abrasions or contusions; hematuria; suspectec bleeding 
(decreasing or low hematocrit); and high-risk mechanism of injury. CT scans also were 
obtained if physical examination was considered unreliable because of neurologic impairment 
of the patient. 

CT scans were performed on a GE 9800 scanner (General Electric, Milwaukee, WI) by 
using 10-mm-thick slices at 10-mm intervals. Rapid IV infusion of 43% iothalamate sodium 
iConray, Mallinckrodt, St. Louis, MO) was administered to all children at a dose of 3 ml/kg. 
Scans were obtained immediately through the upper abdomen with delayed scanning (5 min} 
through the pelvis to allow filling of the urinary bladder with contrast material. 

Oral contrast material was not used routinely. One child, in whom intestinal perforation 
was strongly suspected clinically but was not shown on nonenhanced CT scans, received 
oral contrast material. 

We excluded three patients with intestinal perforations who were taken immediately to 
surgery without having CT scans because of their clinical instability. 
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All CT examinations were reviewed at the time of initial injury. The 
scans were analyzed for the presence and severity of solid organ 
injury, peritoneal fluid, pneumoperitoneum, and bowel wall thickening. 
CT signs suggestive of bowel wall injury included the presence of 
pneumoperitoneum, focal or diffuse thickening of the bowel wall, and 
unexplained peritoneal fluid. Clinical information collected included 
demographic data and a description of the mechanism of injury. 

Of 11 patients with CT findings suggestive of bowel perforation, 
nine underwent surgery and two underwent peritoneal lavage. Six of 
547 children (1%) were found at surgery to have perforations of the 
bowel. Ages ranged from 2 to 16 years (mean, 9 years). Four patients 
were girls, and two were boys. Four children were involved in motor 
vehicle accidents while wearing lap-style seat belts, one was injured 
falling on the handiebars of his bicycle, and one was a victim of 
abuse. 


Results 


Pneumoperitoneum was detected on CT scans in four 
(67%) of six cases of bowel perforation. Only one patient had 
obvious pneumoperitoneum shown on plain radiographs. The 
remaining three patients had unsuspected bowel perforation 
before CT scanning. Although CT scans showed obvious 
pneumoperitoneum in one patient (Fig. 1), in two patients CT 
showed only subtle amounts of free air anterior to the ventral 
edge of the liver requiring careful observation at wide window 
settings (Fig. 2). 

Pneumoperitoneum was not present in two of the six 
patients with bowel perforation. CT showed multiple thick- 
ened loops of bowel in one patient (Fig. 3) and a focally 
thickened duodenum in the other (Fig. 4). In addition, both of 
these patients had moderate to large amounts of peritoneal 
fluid without evidence of significant solid organ injury. 

The size of bowel laceration noted at surgery, which ranged 
from 0.3 cm to complete transection, did not correlate with 
the amount of free air found on the CT scan. 

Pneumoperitoneum was detected on CT scans in nine (2%) 
of the 547 patients who underwent CT. Of these nine patients 
four (44%) had a perforation of the bowel. The five remaining 
patients had other recognizable causes for peritoneal free air. 





Fig. 1.—Pneumoperitoneum noted on CT scan was not recognized on 
supine abdominal radiograph in this 5-year-oid gir! who was involved in a 
motor vehicle accident while wearing a lap belt. CT findings include free 
air anterior to the liver and air and fluid tracking along lett portal vein. At 
surgery a 1.5-cm jejunal perforation was found. 
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Two had an associated pneumomediastinum, which presum- 
ably dissected into the peritoneal cavity. Both of these pa- 
tients underwent further studies, laparotomy in one case and 
peritoneal lavage in the other, with no evidence of intestinal 
injury. 

A third child had a pneumoperitoneum caused by a perito- 
neal lavage with negative results performed before CT scan- 
ning. This patient did well under close observation, with no 
evidence of an occult perforation. 

One child with a ruptured urinary bladder had extravasation 
of both air and contrast material into the peritoneal cavity. Air 
was most likely introduced into the peritoneum during place- 
ment of a Foley catheter. No bowel injury was found at 
surgery. 

The last patient with pneumoperitoneum presented with a 
small bubble of air anterior to the liver. At surgery, a duodenal 
hematoma was found with air bubbles adjacent to this region. 
No perforation was identified. The child did well after surgery. 

When only “unexplained” pneumopertioneum is considered 
(no associated pneumomediastinum, pneumothorax, or pre- 
vious peritoneal lavage), four of five patients with pneumo- 
peritoneum identified on CT scans had an associated perfo- 
ration (sensitivity, 67%; positive predictive value, 80%). 

Two of six children with bowel perforation were not identi- 
fied prospectively because of the absence of pneumoperito- 
neum. Both cases, however, showed bowel wall thickening 
and unexplained peritoneal fluid. Of 547 patients in whom 
abdominal CT scans were obtained for blunt abdominal 
trauma, 18 patients (3%) had findings of unexplained perito- 
neal fluid or bowel wall thickening. Thirteen cases met the 
clinical and CT criteria for “shock bowel" as described by 
Taylor et al. [8]. Of the remaining five children, two had bowel 
perforations, and three with unexplained peritoneal fluid had 
uncomplicated hospital stays with no evidence of bowel injury. 


Discussion 


Bowel injury in children with blunt abdominal trauma is 
infrequent (1-9%), and accurate and prompt diagnosis re- 
mains difficult [9-11]. Early physical findings and laboratory 
results may be equivocal [9, 12]. Pneumnoperitoneum is shown 
on plain radiographs of the abdomen in less than 40% of 
children with intestinal perforations [9, 12-15]. Upper gas- 
trointestinal series may be false-negative because of early 
sealing of a bowel laceration [9]. Peritoneal lavage may be 
used to diagnose bowel perforation (16, 17]. However, early 
lavage may miss an isolated injury to the bowel because of a 
delay in WBC response [17]. In addition, because hemoperi- 
toneum is no longer an absolute indication for surgery in 
children, lavage is an oversensitive tool in the evaluation of 
blunt abdominal trauma [18-20]. 

Although the question of whether gastrointestinal perfora- 
tions can be detected reliably by CT has been discussed by 
several authors, only a limited number of series actually have 
studied the sensitivity and specificity of CT (21~23]. Cook et 
al. [6] had little success in detecting bowel injuries, reporting 
three false-negative and two false-positive CT scans. No 
bowel perforations were identified correctly prospectively in 
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Fig. 2.—4dejunal perforation with free 
intraperitor2al air in a 16-year-old who 
was wearing a seat belt when involved 
in a car accident. 

A, A smeli-callection of free air (ar- 
row) anterior to ventral edge of liver 
could be mistaken for fat on CT scan. 

B, Lowe? CT scan shows lucency to 
be of lower attenuation than adjacent 
fat in rectus sheath. A jejunal tear was 
identified a surgery. 
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Fig. 3.—CT scans show free fluid and thickened 
bowel loops in a 14-year-old girl who was involved in 
a motor vehicle accident while wearing a seat belt. 
Because of high suspicion of bowel injury, CT with 
oral contrast medium was performed with patient in 
supine anc in lateral decubitus positions. No evidence 
of extravasation of contrast material or pneumoperi- 
toneum was seen. Upper gastrointestinal series done 
again next day was normal. On third day, because 
symptoms continued to worsen, patient was taken to 
surgery. A jejunal perforation 30 cm distal to ligament 


Fig. 4.—CT scan shows thickening of second part 
of duodenum (arrow) and a retroperitoneal hematoma 
in a 7-year-old girl who has been paraplegic since she 
was involved in a car accident while wearing a lap 
belt. L2 vertebra is shattered. No solid organ injuries 
were identified. At surgery, a transection of the second 
part of duodenum was found. 


of Treitz was found. 


83 patients examined [6]. Fabian et al. [7] correctly identified 
only ane of two bowel perforations. 

Our data show that CT is a useful tool in the detection of 
bowel perforation in infants and children. However, the use 
of pneumoperitoneum as the sole indication for surgery can 
lead to false-negative and false-positive results. The finding 
of peritoneal tree air may be subtle. The differentiation of free 
air from fet or intraluminal air may be difficult if window widths 
and levels are not altered appropriately. When free air is 
documented, pneumoperitoneum caused by dissection of air 
from the chest or by previous lavage must be excluded. 
Pneumossiective leaks resulting in pneumoperitoneum with- 
out peritanitis can make the accurate diagnosis of ruptured 
bowel dificult. Reported after endoscopy and barium enemas, 
these leaxs of air are benign, with no true perforations found 
at surgery [24, 25]. Theoretically, small valvular perforations 
may allow air but not bowel contents to escape. A sudden 
increase n intraluminal pressure from blunt trauma with a 
resultant pneumoselective leak may explain our one false- 
positive case in which pneumoperitoneum was identified on 
CT but orly a duodenal hematoma was found at laparotomy. 


Excluding this one false-positive case, pneumoperitoneum 
was correctly identified as arising from extraintestinal sources 
in the remaining four cases. Once these sources were ex- 
cluded, the findings of free peritoneal air became a strong 
indicator of underlying bowel perforation (sensitivity, 67%, 
positive predictive value, 80%). 

The absence of pneumoperitoneum did not exclude the 
possibility of an intestinal tear (false-negative rate, 33%). 
Tears may seal quickly with no chance of air escaping into 
the peritoneum. Conversely, only bowel contents may extra- 
vasate, and the sole sign of rupture may be free fluid within 
the peritoneal cavity. We did not routinely administer oral 
contrast material for CT examination of the abdomen after 
blunt trauma. CT scans after oral administration of contrast 
material and upper gastrointestinal series may aid in confirm- 
ing perforation. Unfortunately, perforations may seal off 
quickly, and even these studies may yield false-negative 
results (Fig. 3). 

Donohue et al. [5] improved the sensitivity of CT in the 
evaluation of bowel injury by using bowel wall thickening and 
significant amounts of peritoneal fluid as criteria for lesions 
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requiring surgical intervention. In their series, all eight cases 
of perforation were identified correctly. An additional six cases 
identified as having surgical lesions were found at surgery to 
have bowel hematomas. Although these lesions may have 
required surgical intervention in adults, most bowel hemato- 
mas can be treated conservatively in infants and children. 
Thus, although the finding of bowel wall thickening and unex- 
plained intraperitoneal fluid can improve the sensitivity of CT 
identification of bowel perforations, specificity will drop in 
infants and children. 

in this series, the CT scans of two patients with intestinal 
perforation showed only bowel wall thickening and unex- 
plained peritoneal fluid. Although these signs are not specific, 
they indicate a subset of children at risk of having a perfora- 
tion. Peritoneal lavage then may be performed. Children with 
an equivocal peritoneal lavage still warrant close monitoring 
in view of reported false-negative results of peritoneal lavage 
[16, 17]. 


Conclusions 


CT is helpful in the diagnosis of bowel perforation in infants 
and children. Pheumoperitoneum, when present, suggests a 
viscus rupture. However, the source of the free air often is 
not associated with bowel perforation. Conversely, pneumo- 
peritoneum may not be present, and secondary signs such 
as bowel wall thickening and unexplained peritoneal fluid 
should suggest the possibility of an occult perforation. In 
these cases, peritoneal lavage may be useful in identifying 
the injury. 
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MR Imaging of the Craniovertebral 
Junction, Cranium, and Brain in 
Children with Achondroplasia 














MR imaging of the craniovertebral junction, cranium, and brain was performed in 10 
patients (aged 3 months to 16 years) with achondroplasia. All patients had narrowing of 
the subarachnoid space at the level of the foramen magnum and five had compressive 
deformities of the cervicomedullary junction. Apparent upward displacement of the 
brainstem and a relatively vertical course of the optic nerve were seen in all patients. 
Dilated lateral and third ventricles were seen in five patients and bifrontal widening of 
the subarachnoid space was evident in four. Skull asymmetry was seen in two patients 
and an empty sella (confirmed by metrizamide cisternography) was present in one 
individual. In one patient, foci of abnormal signal intensity were seen in the cervicomed- 
ullary region. 

Our experience indicates that MR imaging is useful in delineating the many abnor- 
malities of the cranial, cerebral, and cervicomedullary junction present in children with 
achondroplasia. 
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In achondroplasia, endochondral bone formation is inhibited. The base of the 
skull, the only part of the cranium formed by endochondral bone, is affected 
whereas the membranous bones of the calvaria develop and grow normally. This 
disharmonious development of the basicranium results in a relatively large skull 
with a small base and stenosis of the foramen magnum [1]. When this causes 
compression of the medulla oblongata and upper cervical spinal cord, it may result 
in neurologic and respiratory complications, including quadriparesis, sleep apnea, 
and sudden death [2-6]. We report a study of 10 children with achondroplasia 
who underwent MR evaluation of the cranium, brain, and craniovertebral junction 
(CVJ). 


Materials and Methods 


From September 1984 to May 1988, 10 children with achondroplasia (five boys and five 
girls, 3 months to 16 years old) were examined by MR of the head and neck. At the time of 
evaluation, all patients had neurologic and/or respiratory symptoms, or were considered at 
risk for complications. Follow-up MR studies were performed in three patients from 3 to 16 
months after the initial evaluation. 

All patients were sedated with oral chloral hydrate (Roxane Laboratories, Columbus, OH) 
at an average dose of 80 mg/kg body weight 45 min before the examination. They were 
carefully monitored during the examination. None of our patients required general anesthesia. 
There were no complications. 

All but one MR study were performed with a 0.5-T superconducting system (Picker 
international, Highland Heights, OH). Initial Ti-weighted, 350-550/20-40 (TR/TE), 5- or 10- 
mm sagittal images were obtained in all patients by using a spin-echo (SE) technique. 
Corresponding T2-weighted (1200-2500/100-120) sagittal images were obtai ines 
patients. T1-weighted (200-350/20-26) and T2-weighted (2000/100) 10-mnr 
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were obtained through the brain in five patients and CVJ in six 
patients at 10-mm intervals. Inversion recovery, 1200/400 (TR/TI), 
axial brain images were obtained in one patient. T2-weighted (2000/ 
100) 10-mm coronal images of the brain also were obtained in five 
patients. One follow-up examination was performed on a 1.5-T sys- 
tem (Signa, General Electric Medical Systems, Milwaukee, WI). T1- 
weighted (600/20) 5-mm sagittal and coronal and T2-weighted (2000/ 
90) 5-mm axial images were obtained through the CVJ by using the 
SE technique. Interleaved 5-mm sagittal images were acquired by 
using a gradient-refocused echo sequence (150/13, flip angle = 7°). 

The size of the ventricular system and the width of the subarach- 
noid space were evaluated and correlated with head circumference, 
by using standard graphs for achondroplasia [7]. Position of the 
brainstem was related to the base of the skull by using the fat pad in 
the posteroinferior portion of the sella as a landmark of the skull base 
(Fig. 1). The angle (optic nerve—base angle) formed by the optic nerve 
with the floor of the anterior cranial fossa (line joining tuberculum 
sellae and nasion) was measured. The MR images of 25 age-matched 
normal controls were evaluated for position of the brainstem and 
optic nerve-base angle. Skull symmetry and the size and position of 
the straight sinus and the fourth ventricle were noted. The position 
of the straight sinus was assessed by measuring the “tentorial angle” 
(the angle between the slope of the straight sinus and a line joining 
the nasion to the tuberculum sellae ) [8]. The position of the fourth 
ventricle was noted in relation to Twining's point (midpoint between 
the tuberculum sellae and torcular Herophili). The basal angle was 
determined in the conventional fashion [9]. The cervicomedullary 
junction (CMJ) was evaluated for compressive deformity, abnormal 
signal intensity, and surrounding subarachnoid space. 


Results 
Ventricles and Subarachnoid Space 


The cisterna magna was extremely small or not visible in 
all patients. Nine of the 10 patients had enlargement of the 
suprasellar cistern (Fig. 2). An empty sella, confirmed by 
metrizamide cisternography, was present in one individual. 

Five of the 10 patients had enlargement of the third and 
lateral ventricles. One of these patients had a dilated fourth 





Fig. 1.—Diagram of midsagittal section of skull and craniovertebral 
junction shows sellar fat pad, tentorial angle (A), and optic nerve-base 
angle (B) between slope of optic nerve and fine joining nasion with 
tuberculum sellae. 
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ventricle. Among the six patients with axial or coronal T2- 
weighted images, MR evidence of transependymal CSF re- 
sorption was seen in only one, suggesting increased intraven- 
tricular pressure. Four patients had bifrontal widening of the 
subarachnoid space associated with a widened interhemi- 
spheric fissure frontally, a constellation of findings indicating 
external hydrocephalus (Fig. 3) [10]. Head circumferences, all 
within 2 SD of the mean for achondroplasia, were larger in 
patients with dilated ventricles and/or external hydrocephalus 
compared to those without these findings, but there was 
considerable overlap. 


Position of Brainstem and Optic Nerves 


The sellar fat pad, normally opposite the pontomesence- 
phalic junction, was related to the mid pons in six patients, 
lower pons in three, and pontomedullary junction in one (Fig. 
1). The optic nerve-base angle was less obtuse than usual 
and varied from 115° to 140° (Fig. 4). This angle in 25 age- 
matched controls was found to be between 140° and 160°. 
None of these patients had visual complaints, and detailed 
ophthalmologic examinations in three revealed no abnormal- 
ity. 


Skull Symmetry 


Two of the 10 patients showed asymmetry in the outline of 
the cranium and brain, best noted on the axial or coronal 
sections (Fig. 5). Both had marked delay in motor develop- 
ment and were profoundly hypotonic on clinical examination. 
The deformity was considered to be related to clinical status 
rather than intrinsic brain abnormality. 


Size and Position of Straight Sinus and Fourth Ventricle 


The straight sinus was best seen on the T1-weighted 
midsagittal image as a flow-void linear structure. By visual 
comparison with age-matched controls, it appeared to be 
large in five and its course to be more vertical in all 10 patients 
(Fig. 4). The “tentorial angle,” normally 27-52° [8], measured 
55-70° (Fig. 1). In the normal individual, Twining’s point lies 
within the fourth ventricle. In our patients, the center of the 
fourth ventricle was up to 1.3 cm above this point. 


Cervicomedullary Junction 


All patients showed virtual obliteration of the subarachnoid 
space at the CMJ (Fig. 6). The foramen magnum was consid- 
erably narrowed and appeared triangular (Fig. 7). Compres- 
sive deformity of the CMJ, present in five patients, was best 
documented on T1-weighted sagittal sections. indentations 
were posterior in two, anterior in one, and both anterior and 
posterior in two. Foci of abnormal signal intensity were noted 
in the upper cervical cord and medulla in one patient with 
unexpected but monitored respiratory arrest (Fig. 8A). This 
patient had marked clinical improvement after surgical de- 
compression of the CVJ. Follow-up MR examination 16 
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Fig. 2.—Sagittal MR image (SE 483/20) in a 
3-year-old sey shows large suprasellar cistern, 
small cistema magna, and short clivus with sellar 
fat pad relisted to mid pons. Pituitary stalk (ar- 
rowhead) is: markedly stretched. 


Fig. 5.--Contiguous 10-mm axial MR images 
(SE 1900/1480) in a 3-month-old boy with marked 
hypotonia snow skull asymmetry and a prominent 
Straight sinus. 


Fig. 6.—~‘Dontiguous 5-mm sagittal T2-weighted 
MR imagesaSE 1700/100) in an 11-month-old girl 
show marked narrowing of subarachnoid space at 
craniovertearal junction and prominence of deep 
cerebral vems. 





Fig. 3.—Axial MR image (SE 550/2€) in an 8- 
month-old girl shows dilated third and lateral 
ventricles with widening of frontal sulci and in- 
terhemispheric fissure. 





Fig. 4.-Sagittal MR image (SE 483/20) in a 10- 
month-old girl shows position of optic nerve and 
prominent straight sinus. Tentorial angle (angle A, 
Fig. 1) measured 70° and optic nerve—base angie 
(angle B, Fig. 1} measured 140°. 
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A 


Fig. 7.—Axial MR image (SE 550/20) of skull 
base in an 8-month-old girl shows narrow and 
triangular foramen magnum (arrowheads). 

compression. 
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Fig. 8.—MR images in patient with respiratory arrest. 
A, Sagittal T1-weighted image (SE 416/20) at 11 months of age shows deformity at cervicomed- 
ullary junction with abnormal signal intensity. Marked clinical improvement followed surgical de- 


B, Follow-up image (SE 400/20) at 27 months of age shows persistent signal abnormality despite 
disappearance of deformity. 


months postoperatively showed a focus of abnormal signal 
intensity in the upper cervical cord, despite disappearance of 
the compressive deformity at the CMJ (Fig. 8B). 


Basal Angie 


The basal angle, normally 123-152°, was between 120° 
and 125° in eight patients and measured 130° and 140° in 
the remaining two patients. 


Discussion 


Considerable interest has been focused on the neurologic 
and respiratory complications in achondroplasia, which in- 
clude hydrocephalus, cervicomedullary compression, sudden 
unexpected death, and unexplained apnea [2-6]. Prediction 
of likelihood for these complications is of great clinical impor- 
tance because most patients with achondroplasia lead an 
active and productive life. 

MR imaging provides a major advance in neuroimaging of 
achondroplasia. Although plain radiography and CT provide 
precise definition of the bony abnormalities, the medulla and 
cervical cord are not well visualized without the use of in- 
trathecal contrast medium [11]. MR imaging provides multi- 
planar evaluation of the brain and CMJ without the use of 
ionizing radiation and IV or intrathecal contrast injection [12, 
13]. The direct MR sagittal views allow better visualization of 
the brainstem and upper cervical cord than do reformatted 
CT myelograms. 

Recent comprehensive neurologic and respiratory evalua- 
tions of achondroplastic children show a close relationship 
between respiratory abnormalities and cervicomedullary 
compression, despite a heterogeneity of respiratory symp- 
toms [14]. Moreover, the neurologic and respiratory problems 
attributed to cervicomedullary compression are alleviated by 


surgical decompression [2, 6]. Necropsy studies have docu- 
mented instances of central cystic myelomalacia and medul- 
lary gliosis associated with cervicomedullary compression 
[15]. In our patient with respiratory arrest, the foci of abnormal 
signal intensity in the cervicomedullary region probably rep- 
resented these findings. Further clinicoradiologic studies are 
necessary regarding the development and evolution of abnor- 
mal signal in the cervicomedullary region of symptomatic 
achondroplastic patients. 

The head enlargement (macrocephaly) in achondroplasia is 
thought to be the result of macrencephaly (excessive size of 
the brain) and/or hydrocephalus. The pathogenesis of the 
latter finding is still a subject of controversy [2, 16-18]. 
Obstruction of the fourth ventricular outlets, obstruction of 
the extraventricular spaces, and elevation of venous sinus 
pressure due to stenosis of the jugular foramen have all been 
implicated as possible contributory factors. In our patients, 
the presence and degree of ventricular dilatation and external 
hydrocephalus were shown well. Most patients with dilated 
ventricles and/or bifrontal widening of the subarachnoid space 
had head circumferences larger than those without these 
findings, with some overlap. The relatively large straight sinus 
might reflect an elevation of venous pressure, which partly 
explained the ventricular dilatation and external hydrocepha- 
lus. 

All our patients had apparent upward displacement of the 
brainstem due to shortening of the chondrocranium at the 
skull base. This resulted in optic nerves with a relatively 
vertical course from the optic chiasm to the optic canals. 
These findings were best seen on T1-weighted sagittal im- 
ages and were better appreciated by MR than any other 
currently available imaging technique. 

In conclusion, the pathologic findings seen by MR imaging 
may help us to understand the various secondary effects of 
the abnormal endochondral ossification at the skull base. MR 
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imaging provides information not appreciated by other cur- 
rently available imaging techniques, such as the relatively high 
brainstem: with stretching of optic nerves and pituitary stalk. 
Demonstzation of substantial cervicomedullary compression 
and cystic myelomalacia is of value in decisions regarding 
operative intervention in the management of children with 
achondreopiasia. 
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Book Review 





Digital Subtraction Imaging in Infants and Children. Edited by Eric N. Faerber. Mount Kisco, NY: Futura, 


193 pp., 1989. $42 


This text was written with the aid of 15 contributors under the 
direction of Dr. Faerber. It includes nine chapters and an appendix 
that concern both the clinical and technical aspects of designing and 
staffing a pediatric digital angiographic suite. 

The first chapter presents briefly the basic physics and instrumen- 
tation for digital subtraction angiography and is useful for a general 
understanding of the digital technique. it also serves as an introduc- 
tion for the remainder of the text. 

Chapters 2 and 3 discuss not only the techniques but also the 
design of appropriate units. These chapters contain discussions of 
the application of each technique to clinical problems. The authors 
Clearly state the advantages and disadvantages of each technique as 
it relates to the examination of the child. 

Chapters 4 through 8 discuss the use of digital subtraction in 
angiocardiography, imaging of the aorta and great vessels, cerebral 
angiography, renal angiography, and peripheral angiography. Each 
chapter demonstrates the usefulness of digital subtraction and un- 
derscores the importance of using particular techniques to produce 


the best image quality. The case selection within the chapters clearly 
shows normal and morbid anatomy. In some circumstances, the 
content in one chapter overlaps that of another chapter; however, 
duplication is minimal for a book with this number of contributors. 
The illustrations are usually satisfactory. 

The last chapter deals with future applications and trends in digital 
imaging; it provides information about storage, retrieval, and display 
of stored information, and it discusses network design. This book 
serves as a primer on the use of digital imaging in children, and it 
presents an overview of the spectrum of selected pediatric disorders 
for which digital imaging may be helpful. The book is, however, more 
concerned with the preliminary role of digital subtraction angiography 
and should not be considered a reference text. 
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Brain Abnormalities in Infants on 
Extracorporeal Membrane 
Oxygenation: Sonographic and CT 
Findings 





The findings of cranial sonography performed before and during extracorporeal 
membrane oxygenation (ECMO) in 50 near-term infants and CT findings after ECMO in 
18 of those patients are reported. Hemorrhage is uncommon in patients being considered 
for ECMO: subependymal hemorrhage was seen in one case and subependymal cyst 
possibly due to in utero hemorrhage was seen in five cases. Hypoxic ischemic injury is 
more common: severe cerebral edema was seen in two cases, occipital hemorrhagic 
infarct in one case, and mild cerebral edema in 17 cases. During ECMO, sonograms 
showed that the hemorrhage in patients with small subependymal hemorrhage or cyst 
before ECMO did not extend while on ECMO. Typical germinal matrix/intraventricular 
hemorrhage was seen uncommonly (three cases). Unusual parenchymal hemorrhage 
did occur. Hypoxic ischemic brain injury was more common: parenchymal hemorrhage 
was seen in three cases, severe cerebral edema in three cases, and infarction in three 
cases. Hypoxic ischemic brain injury probably occurs before ECMO, with a delay in 
visualization. CT after ECMO detected additional abnormalities, particularly peripheral 
areas of hemorrhage and infarction not visible on sonograms, and is now being per- 
formed on all patients. 

More emphasis should be placed on better screening of infants being considered for 
ECMO treatment to identify irreversible anoxic brain injury, not just hemorrhage. 
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Extracorporeal membrane oxygenation (ECMO) is a method of treating acute 
reversible respiratory disease in infants who have a high likelihood of death. The 
procedure requires ligation and cannulation of the right common carotid artery and 
internal jugular vein. Continuous heparinization and thrombocytopenia during 
ECMO result in an increased risk of intracranial hemorrhage [1-3]. Because 
previous authors have reported a high frequency of hemorrhage in premature 
infants [1-3], only patients of greater than 34 weeks gestation have been placed 
on ECMO at our institution. 

The purpose of our study was to determine the prevalence of intracranial 
hemorrhage (ICH) and other abnormalities in near-term infants treated with ECMO. 


Materials and Methods 


Fifty consecutive infants with life-threatening respiratory failure unresponsive to conven- 
tional treatment methods were placed on ECMO between July 1985 and December 1987. 
Forty-nine of the patients were neonates born after 34 weeks gestation. The average age of 
the neonates at the time of institution of ECMO was 68 hr (range, 12-138 hr). One was a 
10-month-old cardiac patient unable to be weaned from cardiopulmonary bypass. The 
diagnoses requiring ECMO support included meconium aspiration syndrome (16 cases), 
respiratory distress syndrome (15), persistent pulmonary hypertension (five). congenital 
diaphragmatic hernia (seven), sepsis (four), irreversible perinatal asphyxia (two), and cardiac 
failure (one). Intake criteria included an alveoiar-arterial oxygenation (A-aPoz) gradient greater 
than 620 mm Hg for more than 12 hr in 27 patients, more than 6 hr accompanied by acidosis 
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and hypotension in seven patients, and association with severe 
barotrauma in three patients. These criteria were used to identify a 
group of patients with a 90% mortality risk. Three patients were 
placed on ECMO during or shortly after cardiopulmonary resuscitation 
for cardiac arrest. The average time on ECMO was 132 hr (range, 
49-231 hr). 

Ail infants with respiratory failure were supported by using venoar- 
terial bypass with cannulation of the right common carotid artery and 
the right internal jugular vein through a neck incision. The patient 
unable to be weaned from cardiopulmonary bypass was perfused 
through the preexisting aortic root and right atrial cannulas. A Sci- 
Med 0.8 M2 membrane oxygenator, roller pump, and countercurrent 
heat exchanger (Sci-Med Life Systems, Minneapolis, MN) were used 
in all cases. Platelet counts were maintained at 100,000-200,000/ 
mil, and systemic heparin was administered to prolong the activated 
clotting time 2 ¥-fold. Hypertension was treated vigorously to main- 
tain mean blood pressures of 55-65 mm Hg. The details of the ECMO 
procedure are described in previous publications [4]. 

All cranial sonograms were obtained with sector real-time (Ad- 
vanced Technology Laboratories, Inc., Bothell, WA) equipment by 
using standard technique and 5- to 7.5-MHz transducers [5]. Stan- 
dard coronal and sagittal views as well as magnified coronal views 
of the interhemispheric fissure were obtained. Sonograms were rou- 
tinely obtained within 6 hr before ECMO, within 12 hr after starting 
ECMO, during ECMO as clinically indicated (not necessarily every 
day), and within 24 hr after ECMO was stopped. 

Cranial CT scans were obtained after ECMO on GE 9800 equip- 
ment both before and after infusion of contrast material in the last 
group of patients. CT scans were obtained after ECMO when the 
patient was stable enough to be transported to the scanner, 

Cranial sonograms and CT scans were reviewed retrospectively 
by two of the authors who had no knowledge of clinical information. 
Sonograms were evaluated for size and configuration of the ventri- 
cles; presence of extraaxial fluid, particularly in the interhemispheric 
fissure; hemorrhage; brain parenchymal echogenicity; relative sulco- 
parenchymal differentiation; and presence of cystic areas within the 
brain. CT scans were evaluated for ventricular size and configuration; 
size of the extraaxial fluid spaces; overall density of the brain paren- 
chyma; gray-white matter differentiation; and presence of areas of 
hemorrhage, infarction, or cysts. 


Results 


Forty-one patients (82%) survived and were discharged 
after an average hospital stay of 24 days. Nine patients died, 
three of multisystem failure, two of pulmonary hypoplasia 
associated with congenital diaphragmatic hernia, two of sep- 
sis, and two of massive intracranial hemorrhage. Only one 
death occurred during ECMO. 

Sonograms obtained before ECMO on 49 of the 50 patients 
were normal in 23 patients and were abnormal in 26. The 
abnormalities included subependymal hemorrhage (one), sub- 
ependymal cysts suggesting in utero subependymal hemor- 
rhage (five), severe cerebral edema (two) (Fig. 1), occipital 
hemorrhage/infarct (Fig. 2) diagnosed retrospectively (one), 
and mild cerebral edema as defined by slit like ventricles with 
slight increase in brain parenchymal echogenicity (17) (Fig. 3). 
No patients were excluded because of intracranial hemor- 
rhage. 

Sonograms during ECMO documented the development of 
additional abnormalities in 14 patients as follows: small bilat- 
eral subependymal hemorrhages (two); intraventricular hem- 
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orrhage and hydrocephalus (two); hemorrhage in the right 
cerebellum, which subsequently became cystic (one) (Fig. 4); 
hemorrhage in the left temporooccipital lobes with subse- 
quent intraventricular hemorrhage (two) (Fig. 5); severe bilat- 
eral cerebral edema/infarction (three); focal infarction in the 
distribution of the left middie cerebral artery (two) (Fig. 6); 
infarction in the left basal ganglia (one) (Fig. 7); unilateral 
increase in the extraaxial fluid (one); and mild ventricular 
dilatation that resolved during ECMO (one). The one patient 
with subependymal hemorrhage and the five patients with 
cysts before ECMO did not develop further hemorrhage while 
on ECMO. 

Eighteen neonates had CT examinations performed within 
1 week after ECMO and within 1 week of their last sonogram. 
In seven neonates the CT scan was normal, and in 11 the CT 
scan was abnormal. Correlation between the sonographic 
findings and the CT findings were good in 13 patients and 
discrepant in five. Seven patients were normal on both stud- 
ies. Six patients were abnormal on both, including two with 
infarction in the distribution of the left middle cerebral artery, 
one with severe bilateral edema shown on sonograms and 
multiple low-density areas shown on CT scans. One patient 
had right-sided increased extraaxial fluid of unknown signifi- 
cance on both examinations. Two patients had intraventricular 
hemorrhage and hydrocephalus on both studies. 

Five patients had a discrepancy in findings between sonog- 
raphy and CT. In one patient, the CT scan showed several 
small areas of bilateral occipital and cerebellar hemorrhages 
not identified on sonograms. These were peripheral in location 
and, on retrospectively reviewing the sonogram, one small 
suspicious area of increased echogenicity was seen (Fig. 8). 
An earlier sonogram had shown periventricular increased 
echogenicity, suggesting periventricular leukomalacia or 
edema. Another patient had mild increased extraaxial fluid 
shown on a CT scan, which had not been visible on the 
sonogram obtained 3 days earlier. One patient had small 
bilateral areas of hemorrhage in the periventricular area shown 
on a CT scan, which were not recognized on the sonogram 
although in retrospect the sonogram showed several suspi- 
cious areas of increased echogenicity (Fig. 9). One patient 
had low density in the right parietal area shown on the CT 
Sean, suggesting an old infarct not shown on the sonogram. 
One patient had increased gray-white matter differentiation 
on the CT scan, whereas the sonogram had shown mild 
ventricular dilatation and echogenic ependyma. 


Follow-up Sonograms and CT 


Of the 23 patients with normal sonograms before ECMO, 
17 (74%) had subsequent normal sonograms and/or CT 
scans, and six (26%) developed abnormalities. Three neo- 
nates with normal sonograms died of nonneurologic causes. 

Of the 17 patients with mild cerebral edema on sonography 
before ECMO, 10 (59%) had normal follow-up sonograms 
and/or CT scans, and seven (41%) developed abnormalities. 
Five of these 17 patients died. Two had normal sonograms 
and died of nonneurologic causes. One had severe cerebral 
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Fig. t—Severe cerebral edema. Coronal son- 
ogram snows siitlike ventricles (arrow) and dif- 
fuse increase in brain parenchymal echogenicity 
obliterating normal sulci and gyri. 


Fig. 2.—Pecsterior parietal hemorrhage/in- 
farct. Coronal sonogram through posterior brain 
shows imcreased echoes in right periventricular 
area (clesed arrow) adjacent to normai halo of 
corona radiata:(open arrow). 


Fig. 3-—Mild cerebral edema. 

A, Coronal sonogram obtained before extra- 
corporeal membrane oxygenation (ECMO) 
shows siitlike ventricles with slight diffuse in- 
crease in: brain parenchymal echogenicity. Nor- 
mal sulc:and gyri are still visible. 

B, Sosogram obtained after 24 hr on ECMO 
shows resolution of cerebral edema with ventri- 
cles now visualized and parenchymal echoge- 
nicity nowmal. 


Fig. 4.—~Cerebellar hemorrhage. 

A, Coranal sonogram on day 2 of extracorpo- 
real menibrane oxygenation (ECMO) shows in- 
creased echoes in right cerebellum (arrow). This 
was recognized only in retrospect. 

B, Coronal sonogram on day 7 of ECMO shows 
cystic area of hemorrhage in right cerebellum 
(arrow), presenting a liquefying hematoma. 


edema dut died of nonneurologic causes, and two died from 
massive intracranial hemorrhage. 

One patient with a subependymal hemorrhage on the pre- 
ECMO sonogram progressed to having a subependymal cyst, 
but the nemorrhage did not extend and a parietal infarct was 
seen later on a CT scan of the opposite hemisphere. Five 
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patients showing subependymai cysts on pre-ECMO cranial 
sonograms did not develop hemorrhage on ECMO. One of 
these patients died of pulmonary disease, and two developed 
infarcts or severe edema. 

The two patients with severe cerebral edema before ECMO 
had abnormal CT scans on follow-up, with low-density areas 
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Fig. 5.—-Left temporooccipital hemorrhage and intraventricular hemorrhage. 


C 


A, Posterior coronal sonogram on day 4 of extracorporeal membrane oxygenation (ECMO) shows normal ventricles and echogenic hemorrhage (H) in 


left temporooccipital region. 


B and C, Coronal sonograms on day 5 of ECMO show left temporooccipital intraparenchymal hemorrhage now partially cystic (arrow) and partially 
echogenic. Echogenic clot is now seen filling the lateral (V) and third (3) ventricles, which are slightly dilated. 





A = B 


Fig. 6.—Middle cerebral artery infarct. 


A, Coronal sonogram on day 6 of extracorporeal membrane oxygenation (ECMO) shows increased 


parenchymal echoes in distribution of left middle cerebral artery. 


8, Contrast-enhanced cranial CT scan after ECMO shows partially enhancing brain infarct. 


suggesting infarction. One of these developed a left middle 
cerebral artery infarction during ECMO. The patient with 
occipital hemorrhages and infarctions before and during 
ECMO showed abnormalities on the follow-up CT scan as 
well. 

Overall, of the 50 patients, 44% (22/50) showed abnormal- 
ities either on sonograms or on CT scans obtained during or 
after ECMO. There was a 16% (8/50) prevalence of hemor- 
rhage with 6% (3/50) representing typical subependymal and/ 
or intraventricular hemorrhages. Ten percent (5/50) had other 
parenchymal hemorrhages. There was an 18% prevalence of 
severe cerebral edema and infarction. The remaining 10% 
had subependymal cysts or increased extraaxial fluid. The 
focal brain abnormalities did not occur significantly more 


Fig. 7.—Basal ganglia infarct. Coronal scan on 
day 5 of extracorporeal membrane oxygenation 
shows increased parenchymal echogenicity in left 
thalamus (T), representing infarct. 


frequently in the right (three patients) than in the left (four 
patients) side of the brain. 


Discussion 


ECMO has become an accepted method for treating acute 
reversible respiratory disease that is refractory to medical 
management in infants. As presently performed in most 
ECMO centers [6], the procedure requires ligation of the right 
common carotid artery and internal jugular vein for cannula- 
tion. Originally there was concern that this would result in 
injury, particularly infarction, of the right cerebral hemisphere. 
Right-sided preponderance was not seen in any of our pa- 
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Fic. 8.-—Bilateral occipital and cerebellar hemorrhage. 
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A and 3, Non-contrast-enhanced cranial CT scans after extracorporeal membrane oxygenation (ECMO) show small hemorrhages in cerebellum and 


occipital obes. 


C, Coronal sonogram on day 4 of ECMO shows area of increased echogenicity (arrow) in left occipital lobe peripherally. This was recognized anly after 


CT was performed. 


Fig. 9.—Small periventricular hemorrhages 
not seen an sonography. 

A, Non-contrast-enhanced CT scan after ex- 
tracosporeal membrane oxygenation (ECMO) 
shows bilateral small hemorrhages (arrows). 

B, Coronal sonogram during ECMO shows 
small periventricular area of increased paren- 
chymal echogenicity (arrow) corresponding to 
smalt hemorrhage on CT. This was recognized 
only in retrospect after CT. 


A 


tients ner was it seen in reports from other institutions [7]. 
The injuries that occur do not preponderate in either cerebral 
hemisphere. 

Systemic heparinization while on ECMO and potential 
thromberytopenia from platelet aggregation in the ECMO 
circuit or sepsis increases the risk of hemorrhage, including 
intracranial hemorrhage. Routine imaging of these patients 
before and during ECMO was originally instituted to detect 
hemerrhage. Early reports from institutions in which even 
smal premature patients were treated with ECMO showed a 
high prewalence of intracranial hemorrhage (28%) [1-3]. Pre- 
mature infants less than 32 weeks gestational age have a 
higher prevalence of intracranial hemorrhage, often arising 
from the germinal matrix [8]. Because of the increased mor- 
bidity amd mortality rates in this group, only patients born 
after34 weeks gestation are now being placed on ECMO at 
many centers. 








The platelet count was maintained by transfusion at 
>100,000/ml in our patients. In full-term infants, germinal 
matrix and intraventricular hemorrhage are less common and 
were seen in only 8% of our patients. The pre-ECMO sono- 
gram is obtained primarily to exclude a preexisting hemor- 
rhage that may extend after anticoagulation. Hemorrhage was 
uncommonly seen before ECMO in our patients (one in 49), 
and the germinal matrix hemorrhage did not extend while on 
ECMO. Hemorrhage occurred in an additional eight patients 
while on ECMO. Three were typical germinal matrix /intraven- 
tricular hemorrhages as seen in premature infants, and five 
were unusual intraparenchymal hemorrhages. 

Patients are placed on ECMO therapy only after failure of 
vigorous medical therapy and may be hypoxic, hypotensive, 
or both for several days. Brain perfusion also may be de- 
creased because of hypocarbia, and patients may have epi- 
sodes of cardiac arrest before treatment with ECMO. The 
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sonographic findings of hypoxic/ischemic injury in term infants 
not on ECMO have been described [9]. They include cerebral 
edema, large vessel infarction, and smaller focal areas of 
infarction or hemorrhage. Delayed findings included diffuse 
brain atrophy, diffusely abnormal brain echogenicity, brain 
calcifications, and cystic encephalomalacia. Findings similar 
to those of acute hypoxic/ischemic brain injury were seen in 
28% of our patients, including 10% with nongerminal matrix 
parenchymal hemorrhages and 18% with severe cerebral 
edema or infarctions. 

In our study, patients born after 34 weeks gestation were 
more likely to suffer cerebral edema, infarction, and paren- 
chymal hemorrhages associated with hypoxic injury than 
primary germinal matrix hemorrhage. As hypoxia and ische- 
mia occur early and are treated with ECMO, the brain injury 
most likely occurs before the start of ECMO. Hypoxic injury 
may not be visible on initial sonograms and may only appear 
later. Our earlier study [9] reported a relatively low sensitivity 
of cranial sonography (46%) for detecting abnormalities in the 
first week after the asphyxial episode. 

Additional abnormalities could be detected in those patients 
who underwent CT, particularly peripheral areas of hemor- 
rhage and infarction not visible on sonograms (five patients). 
CT is now being performed on all patients within 1 week after 
ECMO therapy. The peripheral brain is more difficult to image 
by sonography through the fontanelle. MR imaging and posi- 
tron emission tomography scanning may show additional 
abnormalities not detected by sonography or CT [10]. 

Hypoxic/ischemic brain injury is a significant problem in 
patients being considered for ECMO. There should be more 
emphasis on sonographic screening of infants before ECMO 
to identify irreversible hypoxic brain injury in addition to hem- 
orrhage. Brain parenchymal abnormalities such as infarction 
and cerebral edema need to be assessed, and the peripheral 
brain parenchyma, posterior fossa, and periventricular region 
should be scrutinized for abnormalities. Brain injury such as 
severe cerebral edema, large infarctions, and large hemor- 
rhages results in a devastating neurologic outcome, and such 
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patients should be offered ECMO support at this time only 
with significant reservations. The outcome with less severe 
hypoxic abnormalities such as mild cerebral edema and smail 
infarctions is not predictable pending long-term follow-up 
studies, and these patients could continue to be treated with 
ECMO. As more experience and confidence with this tech- 
nique is gained, earlier institution of ECMO should be consid- 
ered to prevent hypoxic/ischemic brain injury. 
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interventional Neurovascular 
Treatment of Traumatic Carotid 
and Vertebral Artery Lesions: 
Results in 234 Cases 





Traumatic injuries to the head and neck that result in arteriovenous fistulae are often 
difficult to treat by direct surgical access. This is because of anatomic location, instability 
of the acutely injured patient, and difficulty in localizing the exact site of injury. Between 
1974 and 1988, 234 consecutive cases of traumatic injuries to the carotid or vertebral 
artery were evaluated by our group for intravascular embolization therapy. This included 
206 cases of direct and seven cases of indirect carotid-cavernous sinus fistulae and 21 
cases of traumatic vertebral fistulae. A variety of devices including detachable balloons, 
liquid tissue adhesives, microcoils, and silk suture were used with the goal of fistula 
occlusion and preservation of the parent vessel. This was achieved in 193 cases (82%). 
in the remaining 41 cases (18%), the carotid or vertebral artery had to be occluded by 
endovascular occlusion techniques because of extensive vascular injury in 28 cases 
and subtotal occlusion of the fistula in 13 cases. Complications included transient 
cerebral ischemia in six cases, pseudoaneurysm formation in five cases, stroke in five 
cases, and peripheral nerve injury in one case. 

The development of interventional neurovascular techniques has altered the manage- 
ment of these acutely injured patients. The preferred method for treatment has shifted 
from direct surgical access under general anesthesia to endovascular therapy under 
local anesthesia. 
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Carotid—cavernous sinus fistulae (CCFs) result from an abnormal communication 
of the carotid artery to the adjacent cavernous sinus. They may be direct or indirect 
[1, 2]. Either type of fistula can produce symptoms of increased orbital venous 
pressure resulting in chemosis, exophthaimos, ophthalmoplegia, and decreased 
visual acuity. If left untreated, patients may develop hypoxic ocular sequelae leading 
to blindness [3]. Posttraumatic CCFs and vertebral arteriovenous fistulae (AVFs) 
are usually a result of closed head injury, often from a motor vehicle accident, and 
are usually associated with adjacent basilar skull or vertebra! body fractures. Signs 
and symptoms of the fistula may develop immediately or they may be delayed, 
with symptoms manifesting days to weeks after the initial injury [4, 5]. 

Over the past four decades, the treatment technique has radically altered. 
Surgical techniques for treating CCFs and AVFs in the past have carried an 
excessively high risk of thromboembolic and ischemic complications, often leading 
to stroke or blindness, and often not curing the fistula [4]. 

in 1971, Prolo and Hanberry [6] described the use of a fixed balloon catheter 
inserted directly into the neck and placed aross the fistula site to block a CCF. in 
1974, Serbinenko [7] reported the use of detachable balloons for occlusion of the 
fistula and preservation of the carotid artery. These reports ushered in a new era 
for treatment of traumatic carotid and vertebral fistulae by interventional neurovas- 
cular techniques. 

We report our experience in the treatment of 234 consecutive traumatic carotid 
and vertebral artery fistulae treated by a variety of these newer interventional 
methods. 


578 HIGASHIDA ET AL. 


Materials and Methods 


Between 1974 and 1988, 228 patients with 234 vascular injuries 
were evaluated and treated by our group for either a traumatic CCF 
or a traumatic vertebral AVF. The patients ranged in age from 14 to 
84 years of age (mean, 49 years). Of the 234 cases, 206 had a direct 
CCF, seven had an indirect CCF, and 21 had a traumatic vertebral 
AVF. Unusual presentations for the CCF patients included five cases 
of bilateral fistulae and one patient with a double ipsilateral CCF. 
Twelve patients had complete transection of the carotid artery, and 
16 patients had transection of the vertebral artery. 

Patients with CCFs presented with clinical symptoms of pulsating 
exophthalmos, chemosis, retroorbital bruit, ophthalmoplegia, and/or 
diminution of visual acuity. Diplopia due to ophthalmoplegia was 
common because of injury or compression of the adjacent cranial 
nerves Ill, IV, and VI. Four patients with massive head trauma 
presented with severe epistaxis and hemorrhage. In general, patients 
with direct fistulae presented with more acute and severe symptoms 
than those with indirect fistulae. Patients with traumatic fistulae of 
the vertebral artery presented with symptoms of hemorrhage, ex- 
panding hematomas, pseudoaneurysm formation, airway obstruction, 
and/or bruit. 

Most procedures were performed in the neuroangiography section 
of our hospital under local anesthesia. The initial radiologic evaluation 
consisted of a CT head scan to evaluate the extent of head trauma 
and associated skull fractures. A complete four-vessel cerebral an- 
giogram was obtained to evaluate the location and extent of vascular 
injury, as well as collateral circulation. A variety of maneuvers were 
used to identify the exact location of the fistula orifice and size. This 
included compression of the ipsilateral carotid artery during injection 
of the vertebral artery and subtotal compression of the cervical carotid 
artery during injection of the ipsilateral internal carotid artery for direct 
high-flow CCFs. If the parent artery was not transected and no intimal 
damage was present, every attempt was made to preserve flow to 
that vessel. 


Transarterial Embolization by Detachable Balloons 


All patients with direct CCFs and vertebral AVFs were 
treated initially by transarterial detachable balloon emboliza- 
tion therapy. From a transfemoral approach, a 7.3-French 
nontapered catheter is placed into the internal carotid or 
vertebral artery to be treated. Five thousand units of heparin 
is then given IV to prevent thrombus formation on the catheter 
and balloon system. The detachable balloon system used for 
most cases is the ITC Detachable Balloon Occluder System 
(Interventional Therapeutics Corp., San Francisco, CA) [8]. 
The balloon is composed of silicone and has an internal miter 
valve to prevent deflation when detached. It is available in a 
variety of sizes and detachment strengths. The medium-sized 
balloon, which is used most frequently, measures 1.5 x 4.0 
mm uninflated, will accept a 0.50-ml volume, and expands to 
7.5 X 13.5 mm. Often more than one balloon may be used to 
occlude large compartments of the cavernous sinus or pseu- 
doaneurysm, or to trap a vessel. The balloon is attached to a 
2.0-4.0-French coaxial polyethylene catheter and the set is 
placed through the larger 7.3-French introducing catheter. 
The balloon is then partially inflated and is flow-directed to 
the fistula orifice. In 12 cases, the Becton-Dickinson (Fairfield, 
NJ) 2.0-mm balloon catheter system was used for therapy. 


AJR:153, September 1989 


Usually because of the high flow of the fistula, the balloon 
will easily traverse the tear of the vessel. However, in some 
instances where the fistula is small or on an unfavorable curve 
of the vessel, the 2.0-French catheter can be shaped into a 
more geometrically favorable curve. Once the balloon is in the 
correct position, a second arteriogram is obtained to ensure 
that the fistula is completely occluded and that the parent 
artery is patent. The patient is reexamined neurologically, and 
if stable, the balloon is detached by gentle traction on the 2.0- 
French catheter (Figs. 1 and 2). 

All patients are followed up by clinical evaluation and radio- 
logic studies including skull radiographs and/or CT head 
scans at 1, 3, and 12 months after the procedure to ensure 
that the balloon has not shifted or deflated. Neurologic and 
ophthalmologic examinations also are performed at these 
times to ensure that the fistula remains clinically closed. 


Transarterial Embolization with Other Embolic Materials 


The goal of therapy has been to occlude the traumatic 
fistulous connection while preserving the normal vessel. Pa- 
tients with traumatic dural CCFs have been treated by super- 
selective catheterization of the feeding arterial pedicles to the 
cavernous sinus. These consisted of distal branches of the 
external carotid artery including the internal maxillary artery, 
middle meningeal artery, and ascending pharyngeal artery 
and the two main branches of the cavernous internal carotid 
artery, the meningohypophyseal trunk and inferolateral trunk 
artery. The development of newer microcatheters and steer- 
able guidewires and the availability of digital subtraction an- 
giography with road-mapping techniques have made these 
approaches to treatment possible. Road-mapping allows the 
neurovascular architecture to be visualized on the monitor 
with simultaneous visualization of the movement of the cath- 
eter and guidewire. This allows highly selective catheterization 
of vessels measuring less than 2.0 mm in diameter. 

A variety of embolic agents have been used depending on 
catheter location in relationship to the fistula orifice, flow 
characteristics, number of pedicles involved, and normal ad- 
jacent vessels and structures. Early on, polyvinyl alcohol 
particulate emboli; barium-impregnated silicone spheres; and 
isobutyl 2-cyanoacrylate (IBCA), a liquid tissue adhesive, were 
used for occlusion therapy [9]. In more recent years, newer 
microembolic steel and platinum coils (Target Therapeutics 
Corp., Los Angeles, CA), silk suture, and normo-butyl-cy- 
anoacrylate (NBCA) (CRX Medical Corp., Raleigh, NC) have 
become the preferred materials for treatment (Fig. 3) [10, 
11]. 


Transvenous Embolization Therapy 


In selected cases where the fistula could not be safely 
approached from the arterial route, transvenous embolization 
therapy has been highly effective. Most embolizations were 
performed from a transfemoral venous access. Selective cath- 
eterization could be performed, by using a 7.0-French poly- 
urethane catheter, in the proximal inferior petrosal sinus for 
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A B C 

Fig. 1.—A, Left internal carotid arteriogram, lateral view, shows typical findings of traumatic carotid-cavernous sinus fistula. There is rapid opacification 
of cavernous sinus (straight arrow) and filling of superior (solid curved arrow) and interior (open arrow) ophthalmic veins. 

8, Left vertebral artery angiogram, lateral view. To help delineate exact site of traumatic laceration, injection of vertebral artery with simultaneous 
compression of involved carotid artery best shows fistula site (arrow). 


C, Left internal carotid angiogram, lateral view. Follow-up angiogram 3 days after placement of a single detachable balloon into cavernous sinus fistula. 
There is obi'teration of the fistula with preservation of the intracranial vessels. 


Fig. 2.—A, Right vertebral artery angiogram 
shows traumatic vertebral arteriovenous fistula 
at level of 34 due to stab wound of the neck 
(arrow). 

B, Placement of a single detachable balloon 
at fistula site (arrow) results in total obliteration 
of fistula with preservation of distal vertebral 
artery. 





CCF therepy. Through this, a 3.2-French Tracker catheter then used to close the fistula while preserving the carotid 
(Target Trerapeutics) could be selectively guided through the artery (Fig. 4). 

inferior pe:rosal sinus and into the fistulous compartment o` The inferior petrosal sinus approach has been used suc- 
the caverrous sinus. Coils, silk suture, and/or NBCA were cessfully when arterial access has been difficult. When the 
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Fig. 3.—A, Left internal carotid arteriogram, lateral view, shows direct, traumatic carotid-cavernous sinus fistula. Drainage is to sphenoparietal sinus 


(straight arrow) and superior ophthalmic vein (curved arrow). 


B, Superselective angiogram through a 2.2-French microcatheter that traverses internal carotid artery (small straight arrow) and fistula site (curved 


arrow) and is in proximal superior ophthalmic vein (large straight arrow). 


C, Pastembolization angiogram shows occlusion of fistula with multiple steel and platinum minicoils within ophthalmic vein, sphenoparietal sinus, and 


cavernous sinus. 


r 


A B 


ipsilateral inferior petrosal sinus could not be traversed, we 
have been successful in using a contralateral venous ap- 
proach from the opposite inferior petrosal sinus, across the 
circular sinus, and to the fistulous compartment. 

When both inferior petrosal sinuses were not accessible, 
we were able to guide a catheter from the external jugular 
vein, to the facial vein and angular vein, and into the superior 
or inferior ophthalmic vein to the cavernous sinus for occlusion 
therapy [12, 13]. 


Results 


Two hundred thirty-four cases were treated by a variety of 
intravascular embolization techniques for traumatic lesions of 
the carotid and/or vertebral artery. Of this total, 206 cases 
were for direct CCFs, 21 for vertebral AVFs, and seven for 
dural CCFs. 





Fig. 4.—A, External carotid angiogram, lateral 
view, shows dural type of carotid~cavernous 
sinus fistula. There is early opacification of cav- 
ernous sinus and superior ophthaimic vein 
(straight arrows) from distal internal maxillary 
{solid curved arrow) and middie meningeal (open 
arrow) arteries. 

B, After embolization of external carotid artery 
branches with Ivalon particulate emboli and 
transvenous embolization of cavernous sinus 
with liquid tissue adhesive, fistula is obliterated 
(arrow). 


For direct CCFs, the treatment of choice was intravascular 
detachable balloon embolization as the first therapy tech- 
nique. In 181 (88%) of 206 cases, the fistula was occluded 
and the internal carotid artery preserved. Of the remaining 25 
patients, 12 had angiographic evidence of complete transec- 
tion, seven had subtotal occlusion of their fistula, five had 
pseudoaneurysm formation, and one had multiple and exten- 
sive carotid injuries requiring carotid occlusion therapy. In one 
of the 25 patients, an extracranial to intracranial bypass graft 
was required because of delayed onset of cerebral ischemia 
12 hr after carotid artery occlusion. Six patients (3%) could 
not be treated by a transarterial approach and required a 
transvenous approach for fistula occlusion. in five patients, 
extensive head trauma caused bilateral traumatic CCFs re- 
quiring both carotid arteries to be treated by balloon emboli- 
zation therapy. In one patient, two different sites of commu- 
nication between the carotid artery and the cavernous sinus 
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required two procedures. Complications associated with en- 
dovascusar therapy included transient cerebral ischemia dur- 
ing or after the procedure in five patients and thromboembolic 
or ischernic strokes in five patients. 

Twenty-one patients had traumatic vertebral AVFs. These 
patients were all treated by detachable balloon embolization 
therapy. Sixteen patients with vertebral artery transection 
presented with rapidly expanding hematoma of the cervical 
region o pseudoaneurysm formation. The vertebral artery 
was occluded in these patients. In one patient there was mild 
cerebellar dysfunction from delayed ischemia to a posterior 
inferior cerebellar artery associated with ipsilateral vertebral 
artery occlusion. In five patients, the fistula was occluded with 
preservaiion of the vertebral artery. 

Seven patients were treated for a traumatic dural CCF. 
These patients were initially treated by selective catheteriza- 
tion of the feeding external carotid artery pedicles and em- 
bolizatior. performed with Ivalon particulate emboli and/or 
liquid tissue adhesives. Occlusion was accomplished in four 
patients. in three patients, this approach resulted in incom- 
plete closure. For this group a closure was completed by a 
transfemeral venous approach to the inferior petrosal sinus 
and cavernous sinus resulting in fistula obliteration. One pa- 
tient developed a partial facial sensory deficit due to compro- 
mise of the internal maxillary artery vascular supply to the 
trigemina’ nerve by liquid tissue adhesive embolization. This 
resolved over a 6-month period. 


Discussien 


Traumatic carotid and vertebral artery lesions often present 
in an acute setting with life-threatening consequences. Injury 
of the carotid artery can result in (1) massive hemorrhage and 
epistaxis; (2) stroke from cerebral ischemia due to vascular 
steal to tne ‘fistula from the contralateral carotid artery or 
through the posterior communicating artery from the vertebral 
artery; (3) dilatation of the cavernous sinus, which may result 
in subarachnoid hemorrhage; (4) abnormal venous drainage 
into cortisal veins, which has an increased prevalence of 
parenchyral hemorrhage and venous hypertension; and (5) 
rapidly progressive visual deterioration leading to blindness. 
These are all indications for urgent treatment [14]. Vertebral 
fistulae also can result in massive hemorrhage, subarachnoid 
bleeding, expanding hematomas with resultant neurologic 
deficits, brain and spinal cord dysfunction related to vascular 
steal and compression, venous hypertension, and airway 
obstructicn [15]. In these cases, it is necessary to rapidly 
evaluate tne extent of injury, the site of pathology, and the 
role that irterventional neurovascular techniques may have to 
alleviate symptoms [16, 17]. 

When there is extensive damage to the blood vessel, active 
hemorrhage, or a rapdily expanding hematoma of the soft 
tissues, it :s usually not possible to preserve the parent vessel. 
In these instances, test occlusion across or distal to the tear 
should first be performed, if possible, to determine the individ- 
ual tolerance of each patient to occlusion of a major cerebral 
vessel. 
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When long-standing fistulae have impaired the brain’s ability 
to autoregulate its perfusion, abrupt closure of the fistula can 
result in relative overperfusion, termed hormal perfusion pres- 
sure breakthrough. This was first described in 197€ by Spetz- 
ler et al. [18] and may occur because of rapid alteration in 
intracranial blood flow during resection of cerebral vascular 
malformations. This syndrome is more common in chronic 
long-standing fistulae, and may result in cerebral hemorrhage, 
edema, and neurologic dysfunction. It is postulated that per- 
fusion breakthrough occurs because of loss of normal auto- 
regulation from chronic arteriolar distension associated with 
vascular steal. If perfusion is reestablished acutely with the 
closure of a fistula, this may result in malignant cerebral 
edema or uncontrollable cerebral hemorrhage. Although rare, 
we observed this phenomenon in five of our patients with 
carotid and vertebral fistulae [19]. 

In acute posttraumatic injuries leading to pseudaaneurysm 
formation, we have found that placement of detachable bal- 
loons or coils directly into the pseudoaneurysm does not 
prevent further expansion or dissection. This is because there 
is no wall or tissue plane, except for thrombus, to keep the 
embolic material in place against the fistula orifice. Therefore, 
it is necessary to trap the fistula segment, obliterating both 
the inflow and outflow. Occlusion of only the proximal seg- 
ment of the carotid or vertebral artery may be effective 
transiently but is not sufficient. With time, a vascular steal 
phenomenon from the supraclinoid carotid or contralateral 
vertebral artery will develop. Appropriate therapy, which 
wouid have been readily accomplished at the time of the initial 
treatment, now becomes quite difficult and carries a higher 
morbidity [15]. 

Several series have been published describing trerapeutic 
embolization of traumatic carotid and vertebral fistulas. These 
include reports by Serbinenko [7], Debrun et al [5, 20], 
Vinuela et al. [2, 10], Scialfa et al. [17], Kendall and Hoare 
[21], Norman et al. [22], and Halbach et al. [12, 13, 15]. Of 
note are the excellent results obtained by a variety of different 
techniques and embolization methods for treating traumatic 
injuries of the head and neck and the acceptable morbidity 
and mortality rates as compared with direct surgical interven- 
tion. Clearly, as more experience and expertise is gained in 
the field of interventional neuroradiology, the morbidity and 
mortality statistics will continue to improve. 

Endovascular therapy has several advantages: (1) These 
procedures can be performed under local anesthesia, thereby 
allowing continuous neurologic monitoring of the patient's 
condition. This is particularly important if parent vessel occlu- 
sion is necessary. (2) In the acutely injured patient, time is of 
the essence, and if life-threatening hemorrhage, airway com- 
promise, or cerebral ischemia has developed, then therapy 
can be rendered immediately after adequate diagrostic an- 
giography. (3) Recovery time is faster and there is less trauma 
of adjacent cranial nerves and vessels. 

Complications associated with embolization therapy include 
(1) thromboembolic and ischemic events due to catheter and 
balloon manipulation, injury to the blood vessel, or inadvertent 
balloon detachment; (2) pseudoaneurysm formation due to 
balloon deflation or migration; and (3) alteration of arterial flow 
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resulting in hemorrhage, edema, or worsening of ocular symp- 
toms [17, 23]. 

Controversy still exists over the natural history and treat- 
ment of dural CCFs. Several authors have reported that many 
of these patients will have alleviation of symptoms from 
spontaneous thrombosis with time, and therefore treatment 
should not be instituted [24]. Although dural CCFs tend to be 
low-flow and low-pressure lesions, as compared with direct 
CCFs, we have also followed many patients with serial 
ophthalmologic examinations who have developed progres- 
sive visual deterioration. Our current recommendation is that 
in patients with dural CCFs without rapidly progressive visual 
deterioration, evidence of abnormal cortical venous drainage, 
hypoxic ocular changes involving the retina and optic nerve, 
or ischemic keratopathy, a trial of manual carotid artery— 
jugular vein compression therapy should be attempted first 
[25]. If patients do not respond to this therapy and continue 
to have symptoms of visual disturbance, headache, diplopia, 
and chemosis, then embolization therapy may be warranted. 

A variety of therapeutic options are now available to the 
interventional neuroradiologist to treat traumatic CCFs and 
AVFs. For direct carotid and vertebral fistulae, a transarterial 
approach with detachable balloons is usually attempted first. 
However, if this technique fails, treatment with a variety of 
newer embolic agents, as well as newer microcatheters and 
guidewires, has greatly facilitated treatment by the transve- 
nous approach. 


Conclusions 


Interventional neurovascular techniques to treat traumatic 
injuries of the carotid and vertebral artery have become 
accepted forms of therapy. Particularly in the acute setting, 
these techniques may be lifesaving in preventing uncontrol- 
lable hemorrhage. The goal of therapy for fistulae involving 
the carotid artery should be preservation of vision and pres- 
ervation of the carotid artery. For traumatic injuries involving 
the vertebral artery, every effort should be made to close the 
fistula and preserve the parent vessel. If complete transection 
of the vertebral or carotid artery is present, then test occlu- 
sion, followed by a trapping procedure, should be performed 
to ensure that both the distal and proximal portions of the 
fistula are completely treated. 
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Paragangliomas of the Jugular 
Bulb and Carotid Body: MR Imaging 
with Short Sequences and Gd-DTPA 
Enhancement 





Twenty-six patients with glomus jugulare (16), glomus tympanicum (three), or carotid 
glomus (seven) tumors were examined with contrast-enhanced CT scans and MR scans 
without and with Gd-DTPA. MR and CT scans had similar sensitivities, but the enhanced 
MR scans were diagnostically more specific than either CT or nonenhanced MR. Dynamic 
MR scanning permitted measurement of the degree of Gd-DTPA enhancement over 
time. 

We recommend contrast-enhanced MR with short sequences and a dynamic approach 
in patients with suspected carotid, tympanic, and jugular paragangliomas. 


Before the introduction of MR imaging, the radiologic diagnosis of glomus tumors 
was based on CT findings [1-3]. MR imaging shows some advantages over CT in 
the diagnosis of lesions in the skull base and surrounding structures. Our experi- 
ence indicates that these advantages are particularly evident in patients with 
suspected carotid, tympanic, and jugular paragangliomas. The following is a 
discussion of the diagnostic value of MR imaging of glomus tumors, particularly 
with short sequences and with the paramagnetic contrast medium Gd-DTPA. 


Subjects and Methods 


Twenty-six patients examined with MR and CT are included in this study. When clinical 
symptoms indicated a lesion in the middle ear or neck, prospective MR and CT were 
performed. Patients lacking objective clinical findings were excluded from the study. CT was 
performed with a Somatom DRH scanner* before and, except in five patients, after injection 
of a nonionic contrast agent. 

MR examinations were carried out on a 0.35-T (seven cases) and later on a 1.0-T (19 
cases) unit. In 16 patients with suspected jugular bulb tumors, the standard heac coil was 
used. For suspected masses in the neck, a specially constructed Heimholz coil was used to 
improve the signal-to-noise ratio. Axial images with a 5-mm slice thickness were obtained by 
using a long, 1600/30, 90 (TR/first-echo TE, second echo TE), and a short, 500/30 (TR/TE), 
spin-echo sequence. Eighteen patients were examined with the fast imaging technique. The 
time dependence of the Gd-DTPA enhancement was recorded by repeating the same slice 
eight times, one image every 30 sec. A 40° flip-angle sequence, 30/12, was used with 
acquisition times of 7 sec each, beginning at the time of bolus injection of Gd-DTPA. The 
enhancement/time ratio was analyzed and used for differential diagnosis. Similar to the 
denseness/time profile in dynamic CT, the enhancement/time ratio described the variation of 
the intensity of the region of interest vs time [3, 4]. 

There were 16 paragangliomas of the jugular bulb, three glomus tympanicum tumors, and 
seven tumors in the neck. A subjective evaluation system was developed to analyze our 
results (Table 1). Three categories of assessment were developed. The first category dealt 
with the quality of the MR images, with a range of grades from satisfactory (grade 1) to 
optimal (grade 3). Satisfactory image quality was defined as allowing anatomic display and 
recognition of tumor masses 5.0 mm in diameter. Good image quality was defined as allowing 
clear delineation of the tumor. Optimal information was defined as offering not only clear 








* Siemens AG, Eriangen, W. Germany. 
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display of the anatomy and tumor delineation but also information on 
tissue necrosis and vascularity of the neoplasm. 

The second category of assessment dealt with the use of Gd- 
DTPA. The post-Gd-DTPA image quality was deemed satisfactory 
(grade 1) if modest improvement was attained in comparison with 
nonenhanced images, good (grade 2) if significant tumor enhance- 
ment allowed better delineation of tumor extent, and optimal (grade 
3) if mucosal structures and vascularity could be visualized in detail. 
The third category of assessment dealt with the results of CT and 
the comparison of MR and CT. 


TABLE 1: MR and CT Assessments of Glomus Tumors 
annman 


Rating 
T T PLNE E EE NE E LEE MR vs 
umor Type Nonenhanced Gd-DTPA oy CT? 
MR MR 
Glomus jugulare (n = 16) 2 3 2 + 
Glomus tympanicum (n = 3) 2 3 3 0 
Glomus caroticum (n = 7) 3 3 2 + 


*3 = optimal; 2 = good; 1 = satisfactory. 
? + = MR superior to CT; 0 = MR equal to CT; — = MR inferior to CT. 
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Results 


The results of the MR studies and other examinations were 
divided between tumors in the skull base and neck. 


Glomus Jugulare and Glomus Tympanicum Tumors 


We found 16 glomus jugulare tumors. The clinical symp- 
toms associated with paragangliomas were unilateral “deaf- 
ness,” tinnitus, pulsation, vertigo, and pain. Paralysis of cranial 
nerves VII, IX, and XI was evident in some. 

The MR study was done before and after IV injection of 
Gd-DTPA. In tumors smaller than 1.5 cm, nonenhanced MR 
was not able to delineate masses in three of five cases. In all 
paragangliomas we found a remarkable increase in signal 
intensity in the first 60 sec after injection. Maximum signal 
intensity in tumor tissue was found after 150 sec with an 
enhancement factor of 1.8; after this peak, the intensity 
diminished gradually until the end of measurement at 360 
sec. We attribute this to the “washout effect” of the highly 
vascularized tumor tissue. 


Fig. 1.—Large glomus jugulare tumor with 
intracranial involvement and bony erosion. 

A, Axial plain MR image, 500/30, shows mass 
in left temporal bone and posterior fossa extend- 
ing across midline. Large veins (arrows) are 
seen on surface of tumor. 

B, Nonenhanced FLASH (fast scan) image, 
30/12, 40° flip angle. 

C, Gd-DTPA-enhanced FLASH image, 30/12, 
40° flip angle, shows marked enhancement of 
tumor. Extent into infratemporal fossa (short ar- 
row) and parotid area (long arrow) is appreci- 
ated. 

D, Coronal Gd-DTPA image, 500/28, shows 
displacement of brainstem, bony erosion from 
large enhanced mass, and parotid involvement. 


w 
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The Ti-weighted sequence (500/30) was carried out after 
corapileticn of the fast imaging technique. Enhancement with 
Gd-DTPA increased the signal intensity to 205% in tumor 
tissue, 122% in muscles, and 119% in fatty tissue. In 16 
patieats with glomus jugulare or glomus tympanicum tumors 
this ied to significant additional information; only in three 
patieats with very large tumors were no additional facts 
discovered (Table 1). 

In analyzing the results of MR and CT, diagnostic reliability, 
competeness of the topographic description, and histologic 
diagnosis were compared. MR was superior in 13 patients 
with paragangliomas and equal to CT in three. Especially in 
tumors ereding the skull base (Figs. 1 and 2), in tumors with 





Fig. <.—Small glomus jugulare tumor on right. 
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surrounding edema, and in very smali tumors (Figs. 3 and 4), 
contrast-enhanced MR demonstrated its value. 


Glomus Caroticum Tumors 


Nonenhanced MR imaging was sufficient in six patients 
with glomus caroticum tumors, but information improved 
further after application of Gd-DTPA. Because it provided 
better soft-tissue contrast, MR was superior to CT. MR was 
able to demarcate the tumor from the carotid bifurcation as 
well as from surrounding structures (Fig. 5). The characteristic 
vascularity of the tumors could be partly seen on nonen- 
hanced MR, but was seen better on the early postinjection 


C 


A, Ncnenbanced axial image, 500/28, shows mass (arrow) in temporal bone measuring 1 x 1.5 cm in diameter. Lesion shows medium signal intensity. 
B, Ge-DTPA-enhanced axial image, 500/28, shows increase in signal intensity of mass (arrow) and optimum contrast in relation to surrounding tissues. 
C, Gé-DTP*\-enhanced coronal image, 500/28, shows hyperintense mass (arrow). 


Fig. 2.—Recurrent tumor of glomus tympani- 
cum ater radiation therapy. 

A, Nenenhanced axial image, 500/28, shows 
very smali les:on (arrow) of intermediate signal 
intensity in mesotympanum. 

B, Gd-DTPA-enhanced axial image, 500/28, 
shows marked increase in signal intensity in 
glomus tympanicum tumor (arrow), which mea- 
sures 17 x 3mm. 
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Fig. 4.—-Glomus tympanicum tumor on right side. 
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A, Nonenhanced axial image, 500/28. Medial end of external auditory canal is obstructed by tumor (arrow) growing from middie ear. 
B, Gd-DTPA-enhanced axial image, 500/28, shows marked enhancement of tumor (arrow). 
C, Image obtained after subtracting A from B. Enhanced structures are glomus tympanicum tumor (short arrow), transverse sinus (long arrow), and 


nasal mucosa and turbinates. 





A B 


Fig. 5.—-Glomus caroticum tumor. 





z 


A, Nonenhanced axial FLASH image, 30/12, 40° flip angie, shows large mass of heterogeneous intensity in carotid sheath (arrows). 

B, Gd-DTPA-enhanced axial FLASH image, 30/12, 40° flip angle, shows homogeneous increase in signal intensity in glomus tumor (short arrow) and 
submandibular gland (/ong arrow). Salivary glands usually show marked enhancement. 

C, Gd-DTPA~-enhanced coronal image, 1600/30, provides optimum localization of tumor. Inferior aspect of mass is delineated by external (long arrow) 


and internal (short arrow) carotid artery. 


sequences of the fast imaging technique. The signal/time 
pattern in one case is shown in Figure 6. 


Discussion 


Glomus tumors arise from paraganglia, which exist in var- 
ious places in the human body. The precapillary arteriovenous 
shunts and nonchromaffin cells are characteristic of the his- 
tologic appearance of these tumors. Although glomus tissue 


is found in different locations in the body, the histology and 
functions are the same [1, 5-7]. in the literature these tumors 
are called either chemodectomas, paragangliomas, or glomus 
tumors. Characteristic signs are their slow progression and 
the mostly benign, nonmetastatic growth. We did not find 
metastatic spread in our patients, but it is described in the 
literature [7, 8]. 

CT with thin slices and contrast enhancement so far has 
been the method of choice to diagnose glomus tumors and 
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Fig. 6.—Enhancement/time profile typical of glomus caroticum tumor. 
Signal intensity was measured every 30 sec. 


their grow? in the skull base. Before the introduction of CT 
the preoperative diagnosis of glomus tumors was based on 
selective aagiography [5, 7]. 

Coronal ZT scanning is desirable and is recommended by 
various authors [1, 3, 5, 9-11]. Contrary to the findings of 
Larson et al. [1], our CT investigations with a high-resolution 
technique have yielded lower sensitivity and also lower spec- 
ificity. The diagnosis of small tumors, especially those found 
at the glomus tympanicum without bone erosion, proved to 
be difficult. especially the differentiation from inflammatory 
changes. 

MR as a new imaging tool shows some advantages for the 
diagnosis cf ‘esions in the skull base and surrounding struc- 
tures. In. comparison with CT, MR provides superb soft-tissue 
contrast as well as soft-tissue/bone differentiation (12, 13]. 
This and the flow phenomenon are two reasons for the 
superiority of MR. 

Generally, in the conventional spin-echo techniques, flowing 
blood has œ low signal intensity; therefore, the lumina of 
vessels are easily distinguished from surrounding tissue [13, 
14]. By using thin slices and individually adapted head or 
surface cois with a high signal-to-noise ratio, the carotid 
artery and ‘he jugular bulb and vein are easily identified on 
nonenhancec MR. MR enables demonstration of even smaller 
vessels withia the tumor [12]. 

The advantages of noninvasive investigation are forfeited 
when the contrast medium Gd-DTPA is used; however, MR 
with Gd-DTPA is considerably less invasive than angiography. 
The paramagnetic contrast medium helps to differentiate in- 
flammatory ‘esions from tumors in the tympanum and mas- 
toid. In our series, inflammatory lesions showed a significantly 
lower enhancement by Gd-DTPA than tumors did. Even more 
important is the use of Gd-DTPA for detecting tumors of the 
glomus jugulare and tympanicum with a diameter of 5 mm or 
less. 

As in dyraimic CT, it is possible to measure an enhance- 
ment/time pattern with the fast imaging technique. Short 
exposure sequences (gradient-echo sequences) repeated in 

” a standardized pattern allow measurement of the degree of 
enhancemert as well as its time dependence. Typically, par- 
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agangliomas show a take-up immediately after injection of 
the paramagnetic contrast medium, and a gradual decrease 
until the end of measurement at 7 min. Peak enhancement is 
reached after approximately 150 sec. This enhancement/time 
pattern with the washout effect helps to differentiate para- 
gangiiomas from meningiomas and neuromas. 

MR of the glomus caroticum offers the same advantages 
described for skull-base glomus tumors. However, because 
these lesions may be difficult to detect clinically, an imaging 
Study is of particular importance. The possibility of multiplanar 
imaging and the high soft-tissue contrast make MR the pri- 
mary diagnostic tool when a carotid body tumor is suspected 
[15]. MR is able to define the position of the common, 
external, and internal carotid arteries. Carotid body tumors 5 
mm in diameter can be identified by MR, while CT examination 
with iodine contrast medium only allows detection of carotid 
glomus tumors greater than 8 mm in diameter. 

In conclusion, our experience has shown the advantages 
of MR in patients with suspected carotid, tympanic, and 
jugular paragangliomas. For the detection of glomus tumors 
in the head and neck area, the use of contrast-enhanced MR 
including short sequences and a dynamic imaging approach 
is recommended. 
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Book Review 











Magnetic Resonance Imaging, 2nd ed.; vol. |, Clinical Principles. By C. Leon Partain, Ronald R. Price, James A. 
Patton, Madan V. Kulkarni, and A. Everette James, Jr. Philadelphia: Saunders, 967 pp., 1988. $400/set 


Written by MR imaging experts, this book comprises 11 subdivi- 
sions with a total of 58 chapters. After a historical review and basic 
sciences introduction, there are sections on clinical imaging experi- 
ences in various parts of the body, special applications including 
contrast media, and a concluding section that forecasts and analyzes 
future expectations. Also included are a chapter on legal aspects of 
MR, an excellent index, and a glossary of MR terms at the end of the 
book. Edward Purcell and Felix Block, the fathers of nuclear magnetic 
resonance (NMR), wrote the foreword and chapter 1, respectively. 
Basic NMR physics and imaging principles are discussed only briefly 
in volume | and are covered in greater depth in volume II of this set. 

Clinical principles of MR imaging are extensively discussed, and 
some material is duplicated. Several chapters discuss tissue charac- 
terization and optimization of MR image contrast by using the pulse 
sequence parameters. | was particularly impressed with the clinical 
chapters that presented biological explanations for the changes seen 
in MR intensities and studies in which the effects were confirmed 
with histology or other non-MR techniques. For example, tumor 
enhancement in brain tumors by paramagnetic compounds was 
explained by a break in the blood-brain barrier, and this effect was 
confirmed by animal studies with Evans blue dye. In another example, 
the oxidation state of hemoglobin and RBC membrane integrity are 
used to describe the changes in T1 and T2 relaxation times observed 
in aging hemorrhage. Also, | was impressed with the discussions that 
covered limitations and artifacts of MR imaging. 


Several chapters presented detailed descriptions of the pathologic, 
physiologic, and biochemical bases of the disease before describing 
the MR changes. In some chapters, however, only the MR changes 
in the various disease states were described without any pathologic 
description. | realize that pathologic analysis cannot always be per- 
formed on patients, but parallel animal and/or in vitro studies should 
be done to understand the biophysical basis of the MR signal-intensity 
changes. | was not particularly impressed with nonquantitative de- 
scriptions of MR intensity changes that were found in several chap- 
ters. All MR images are digital, and therefore the intensity numbers 
should be used to describe the changes seen. 

Comparisons of MR with other imaging techniques received con- 
siderable emphasis. For example, the author of chapter 23 states 
that positron emission tomography currently provides the best mea- 
surements of myocardial perfusion. Also, in chapter 53, 5000 MR 
cases were used to construct a table of sensitivity and specificity of 
MR vs CT, angiography, sonography, nuclear medicine, myelography, 
mammography, and radiography. 

In summary, | would recommend this book to physicians interested 
in clinical MR imaging principles. 
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MR Characteristics of Subdural 


Hematomas and Hygromas at 
LST 





MR images of 24 patients with 33 subdural collections were retrospectively reviewed 
to determine the spectrum of MR findings associated with such lesions. The lesions 
were dated by history, when available. Hematomas were grouped as follows: acute, 
four; early subacute, four; late subacute, four; chronic, 13. Six collections were classified 
as rehemorrhage; and two patients had CSF hygromas. Subdural hematomas evolved 
in a pattern similar to intracerebral hemorrhage with the exception of chronic subdural 
hematomas, in which isointensity or hypointensity relative to gray matter was observed 
on short TR/TE images compared with the persistent very high signal intensity noted in 
chronic parenchymal hematomas. Hemosiderin was rarely seen in chronic hematomas. 
These findings are most likely the result of the absence of a blood-brain barrier, which 
allowed clearance and dilution of blood products. Subdural hematomas with repeat 
hemorrhage demonstrated multiple phases of bleeding with layering phenomenon and 
more frequent hemosiderin deposition. It is possible that the clearance of blood products, 
as observed in chronic subdural hematomas, is impaired or poorly functional when 
rehemorrhage occurs. The persistence of high signal from methemoglobin in a hema- 
toma that is expected to be in the chronic phase also suggests repeated hemorrhage. 
Acute CSF subdural hygromas had signali intensities identical to CSF without MR 
evidence of blood products. At surgery, clear fluid under pressure was found. 

MR imaging, with its unique ability to delineate the various phases of hemorrhage, is 
well suited to the evaluation of subdural hemorrhage. 


Although the appearance and evolution of hemorrhage in the brain on high-field 
MR images is well established [1], subdural hemorrhage is less well characterized. 
Physiologically and anatomically, the subdural space differs from the brain paren- 
chyma. It is a potential space-lacking tissue as well as a blood-brain barrier. Such 
differences may alter the MR appearance and evolution of subdural hemorrhage 
when compared with bleeding into the cerebral parenchyma. The known propensity 
for repeat hemorrhage in subdural hematomas may further complicate the MR 
signal intensity patterns. Our study is an attempt to categorize and understand the 
MR appearance of subdurai hemorrhage. 


Materials and Methods 


The MR images of 24 patients (ages 1 month to 70 years) with subdural hematomas and 
hygromas were reviewed retrospectively. Imaging was performed on a 1.5-T GE imager using 
spin-echo (SE) sequences with 600/20 (TR/TE) and 2500-3000/30-80/2 and a matrix size 
of 128 x 256. Serial imaging was performed in four patients. Hemorrhages were classified 
by the patients’ clinical history {i.e., time interval between insult and MR scan) as acute (<1 
week old), early subacute (>1 week and <2 weeks old), late subacute (>2 weeks old and 
<1 month old), or chronic (>1 month old). These categories, which follow those developed 
by Gomori et al. [1, 2] for parenchymal hematomas, can be summarized as follows: Acute 
hematomas are characterized by hypointensity on long TR images. Early subacute hemato- 
mas have peripheral hyperintensity on short TR images and hypointensity centrally on long 
TR/TE sequences. The late subacute subdural hematoma is hyperintense on both iong and 
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short TR images. Chronic parenchymal hematomas are hyperintense 
on long and short TR images and are surrounded by a hemosiderin 
rim. In subdural hematomas the presence of hemosiderin is indicated 
by susceptibility changes (hypointensity on long TR/TE images) in 
thickened membranes or clumps of material. 


Results 


Thirty-three subdural collections were present in 24 pa- 
tients and were grouped as follows: acute, four; early sub- 
acute, four; late subacute, four; chronic, 13; and rehemor- 


TABLE 1: Summary of 24 Patients with Subdural Hematomas* 











Case No. Age Interval Comment 
Acute SDH (<1 week old) 
1. 55 yr 1 day MVA 
2. 8 yr 3 days Hemophilia 
(patient also had a late subacute SDH) 
3. 2mo 5 days Skull fracture 
4. 33 yr 5 days MVA 
Early subacute SDH (>1 
week and <2 weeks 
old) 
5. 5 yr 9 days Preop debris 
6. 1 mo 13 days MVA 
Z. 55 yr 14 days MVA 
8. 59 yr 14 days Shunt out 
Late subacute SDH (>2 
weeks and <1 month 
old) 
9. 6 mo 10 days Abuse 
10. 4 mo Unknown* Abuse 
11. 5yr 23 days MVA 
Chronic SDH (>1 month 
old) 

12. 2 yr 30 days Postop 

13. 70 yr >30 days, On Coumadin 

est 

14. 9 wk >30 days, Abuse 

est 
15. 4 mo >30 days, Abuse 
est 
16. 4 mo >30 days, Abuse 
est 
17. 5 mo >30 days, Abuse 
est 
18. 15 mo >30 days, Abuse 
est 
Subdural hygroma 
19. 7 wk 3 days Head trauma 
20. 4yr 15 days MVA 
Rehemorrhage 

21. 4 yr 8 mo (Follow-up scan 4 months 
later). New bleeding 
in known chronic col- 
lections. 

22. 8 yr 9 mo (Follow-up scan 42 days 
later). New bleeding 
in known chronic col- 
lections. 

23. 31 yr 7 mo Since initial trauma, 2- 
week history of 
headache, presented 
with papilledema. 

24. 41 yr Unknown Autopsy revealed chronic 
SDH with acute re- 
hemorrhage. 


Note.—est = estimate (in some cases the exact date of injury was unknown but a reasonable estimate could be 
made), unknown’ = interval from injury to examination was unknown, classified with SDH of similar signal intensities; 


MVA = motor vehicle accident. 


* Hematomas were bilateral in nine patients, for a total of 33. 
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rhage, six. There were two hygromas. The results are pre- 
sented in Tabie 1. Subdural hematomas evolved in a pattern 
similar to parenchymal hematomas in the acute and subacute 
Stages. Acute subdural hematomas were characterized by 


Fig. 1.—Case 2: hemophiliac with acute right 
suboceipital SDH and incidentally discovered left 
subacute SDH, 

A, CT scan snows hyperdense acute right 
occipital SDH. 

B, MR image, 2500/80, shows low signal in- 
tensity“of deoxyhemoglobin in acute right SDH 
and high signal frem methemoglobin in subacute 
left SDH. Note absence of hemosiderin in left 
subacute SDH. 


Fig. 2.—Case 7: early subacute SDH 14 days 
after metor vehicle accident. 

A, Sagittal MR image, 600/20, shows periph- 
eral high signai intensity of extensive frontotem- 
poral SOH, 

8, MR image, 2500/80, shows peripheral hy- 
perintensity of methemoglobin surrounding a 
center ef low signal intensity deoxy- or intracel- 
lular methemoglobin (arrows). 


Fig. 3.--Case 10: late subacute SDH in a case 
of child abuse, Exact interval from injury to ex- 
amination is uncertain. 

A, Coronal MR image, 600/20, shows high 
signal intensity in small right tentorial SDH. 

B, Corona! MR image, 3000/30, also shows 
high sigral intensity in right tentorial SDH. 


the presence of hypointensity on long TR/TE images (Fig. 1). 
In the early subacute stage we noted a rim of high signal 
intensity, presumably due to free methemoglobin, on all puise 
sequences surrounding a center of low signal intensity most 
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Fig. 4,—Case 14: chronic SDH in a case of child abuse. Injury interval estimated at >30 days. 
A, Coronal MR image, 600/20, shows extracerebral collection with signal intensity isointense relative to gray matter in vertex and convexities. 
B, Coronal MR image, 3000/30, shows hyperintensity of bilateral chronic SDH while ventricular CSF remains hypointense. 


C, Coronal MR image, 3000/80, shows hyperintensity of SDH. 





marked on long TR/TE images (Fig. 2). In the late subacute 
hematoma, the entire volume of the collection had high signal 
intensity on all pulse sequences (Fig. 3). No hemosiderin was 
seen in acute or subacute collections. 

Subdural hematomas differed significantly from parenchy- 
mal hematomas in the chronic phase (Fig. 4). The signal 
intensity ranged from slightly hypointense to isointense rela- 
tive to gray matter on short TR/TE images, in contrast to the 
persistent high signal intensity seen in chronic parenchymal 
hematomas on both long TR/short TE and long TR/TE images 
[1]. In contrast to brain hemorrhage, hemosiderin was de- 
tected in only one of 13 chronic subdural hematomas. The 
presence of hemosiderin was noted to occur in the presence 
of either thickened membranes or was associated with clumps 
of material, which demonstrated susceptibility changes on 
long TR images. An anatomic observation in MR images of 
subdural hematomas that has proved useful in angiography 
is the inward displacement of superficial veins against the 


Fig. 5.—Case 13: elderly patient on Couma- 
din. 

A, Sagittal MR image, 600/20, of a small 
chronic SDH in an elderly patient with large sulci 
showing inward displacement of veins (arrows) 
by SDH, a useful anatomic criterion for distin- 
guishing subdural collections from simply en- 
larged CSF spaces. 

8, Axial MR image, 3000/80, shows hyperin- 
tense chronic SDH and inwardly displaced veins 
(arrows). 


brain by the subdural collection. Although this sign is not 
needed to diagnose the presence of subdural hematomas on 
MR, it can be useful in differentiating chronic subdural collec- 
tions from enlarged CSF spaces resulting from atrophy (Fig. 
5). 
Chronic subdural hematomas with rehemorrhage demon- 
strated several unique characteristics, including layering phe- 
nomenon and more consistent hemosiderin deposition. The 
evolution from acute to subacute rehemorrhage and from the 
subacute to the chronic phase was demonstrated on serial 
scans in one patient (Fig. 6). Persistence of high signal inten- 
sity, typical of the subacute stage, beyond its expected time 
interval was present in two collections, which were repeatedly 
rehemorrhaging, as documented either clinically or by CT (Fig. 
7). This patient also showed membranous deposition of he- 
mosiderin (Fig. 7B). 

in one patient, a surgically proved bilateral acute subdural 
CSF hygroma was present, which contained no blood prod- 
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Fig. 6.——-Case 21: routine follow-up scan in patient with known chronic SDH of & months duration after shunting for a tectal glioma shows acute 
rehemorrhage on the left and a right-sided subacute rehemorrhage. Although clinically asymptomatic, this bleeding into preexisting chronic subdural 
collections was new compared with prior CT scans. 

A, MR image, 600/25, shows a high-intensity, right-sided subacute SDH as well as a low-intensity acute rehemorrhage of left SDH. On this scan alone 
it cannot be determined whether the low signal intensity on the left is due to a CSF collection or deoxyhemoglobin. 

B, MR image, 3000/80, shows diffuse low-intensity susceptibility effects in the collection on the left, confirming the presence of deoxyhemoglobin in 
an acute rehemorrhage. The right-sided subacute rehemorrhage remains high in signa! intensity. 

C, MR image, 3000/80, shows layering effect and loculations. There is a dependent layer of low-intensity deoxyhemoglobin (short arrow) and a plasma 
supernatant.of hich signal intensity (long arrow). There is aiso an area of loculated high signal fluid posteromedially. 

D-E, Repeat scans 4 months after initial scan show the evolution from subacute to chronic SDH on the right and from acute to subacute on the left. The 
persistence of the high signal from methemoglobin on the left over 4 months is most likely due to repeated hemorrhage. 

D, MR image, 500/25, shows evolution of right-sided SDH from high intensity subacute to low-intensity chronic SDH. The left-sided collection has 
evolved from. acute to subacute. 

E, MA image, 3900/80, shows high signai intensity in both collections. 


ucts. These collections demonstrated signal intensities that 
were identical to CSF (Fig. 8). In this case, surgery revealed 
clear CSF under pressure in the subdural space. 


Discussion 


The MR characteristics of acute and subacute subdural 
hematomas are similar to those of intraparenchymal hemor- 


rhage [1, 2], whereas chronic subdural hematomas differ from 
parenchymal hematomas in several ways. As opposed to the 
typical parenchymal hematoma, which is markedly hyperin- 
tense on shoit TR/TE images, a chronic subdural hematoma 
will usually be slightly hypointense to isointense relative to 
gray matter on short TR/TE images. This loss of the T1 
shortening effect appears to result from a decrease in the 
concentration of free methemoglobin by either dilution, ab- 
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Fig. 7.—Case 23: patient with head trauma 7 
months previously presented with a 2-week his- 
tory of increasing headache and papilledema. 

A, Sagittal MR image, 600/20, shows high 
signal intensity subacute rehemorrhage. 

B, Axial MR image, 3000/80, demonstrates 
high signal intensity collection with thickened 
membranes showing hypointensities character- 
istic of hemosiderin (arrows). 


Fig. 8.—7-week-old girl was accidentally 
dropped on her head and presented to the emer- 
gency room 3 days later obtunded and with cer- 
ebeliar signs. 

A, CT scan shows hypodense bilateral pos- 
terior fossa fluid collections (arrows) and acute 
hydrocephalus with temporal horn dilatation. 

B, Sagittal MR image, 600/20, shows collec- 
tions around cerebellum identical in signal inten- 
sity to CSF (arrows). 

C and D, Axial MR images, 3000/30 (C) and 
3000/80 (D), show that signal intensity of collec- 
tions is identical to CSF (arrows). 
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sorption, and/or degradation. This is clearly shown on longi- 
tudinal imaging of the subdural hematoma shown in Figure 6, 
where hyperintensity on short TR/TE images converts to 
isointensity 4 months later. 

The infrequent presence of hemosiderin, manifested by 
hypointersity on long TR/TE images, in chronic subdural 
hematomas as noted in this study is quite different from that 
in chronic intraparenchymal hematomas, in which it is a 
constant feature [3]. However, the marked hypointensity of 
hemosiderin was seen in thickened membranes and multiple 
clumps ir. three of four of the subdural collections that had 
rehemorrhaged. It is possible that, owing to the absence of a 
blood-brain barrier in the subdural space, hemosiderin is 
largely resorbed into the bloodstream. In repeat hemorrhages 
the clearance mechanism may be poorly functional, resulting 
in greater: hernosiderin deposition. 

Rehemorrhage is a frequent phenomenon with subdural 
hemorrhage and MR offers excellent visualization of this 
process. Because of the presence of a vascular membrane, 
subdural hematomas are prone to rehemorrhaging even with- 
out clinically evident trauma [4, 5]. Studies utilizing radio- 
nuclide-tagged red blood cells indicate that repeat hemor- 
rhage in-chronic subdural hematomas occurs at the average 
rate of 1€.2% of the subdural hematoma’s volume per day 
[5]. MR demonstrated repeat hemorrhages with layering and 
dilution of deoxyhemoglobin (MR changes of acute hemor- 
rhage) in xnown chronic collections. Subacute hemorrhage 
was also seen in hematomas known to be chronic by clinical 
history. 

Much c? the previous literature emphasized the superior 
ability of MR to visualize subdural hematomas that were 
isodense on CT with little emphasis on the appearance or 
evolution of hemorrhage [6-8]. Hosoda et al. [9], using a 
much breader classification of chronic SDH, described a 
series of 20 chronic subdural hematomas that varied in ap- 
pearance ‘rom hyper- to hypointensity on short TR images. 
However, f their individual cases are categorized by our time 
criteria, tke hyperintense collections are subacute and the 
hypointense collections are chronic, as in our cases. 

In addition to the observations made on the appearance 
and evolution of subdural hemorrhages, MR demonstrated 
nonhemorhagic acute subdural hygromas in two cases. 
These collections displayed signal intensities that followed 
CSF without MMR evidence of hemorrhage. In one of these 
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cases fluid analysis demonstrated nonhemorrhagic, clear 
CSF. Such collections are presumably due to tears in the 
arachnoid membrane [10]. 

In conclusion, acute and subacute subdural hematomas 
follow the signal intensity pattern at 1.5 T of intraparenchymal 
brain hemorrhage, but they differ in the chronic phase. As 
opposed to the typical chronic parenchymal hematoma, which 
is markedly hyperintense on short TR/TE images, the chronic 
subdural hematoma may be slightly hypointense to isointense 
relative to gray matter on short TR/TE images. We hypothe- 
size that these signal intensity changes are the result of a 
decrease in the concentration of free methemoglobin by either 
dilution, absorption, and/or degradation. Hemosiderin, which 
is a constant feature of parenchymal hematomas, was seen 
only rarely in chronic subdural hematomas. The phenomenon 
of repeated hemorrhage was characterized by layering effects 
as well as more frequent hemosiderin deposition. MR, with 
its unique ability to image the various phases of hemorrhage, 
is well suited to the evaluation of subdural hemorrhage. 
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MR Imaging of Intracranial Fluid 
Levels 


























Six patients with seven intracranial fluid levels were evaluated with both CT and MR 
at 1.5 T. A surgical diagnosis was obtained in six of the seven instances. MR was found 
to be superior to CT in detecting intracranial fluid levels, and the MR signal character- 
istics were helpful in identifying their contents. These cases demonstrate the necessity 
for a slightly different approach to lesions with fluid levels. in one patient, imaging in 
the prone position allowed detection of a solid component; in several others, detection 
of the fluid level was dependent on the selection of nonroutine windows and levels. 
Fluid levels are classified with respect to their components and MR features. 

MR is superior to CT in imaging fluid levels. The appearance of fluid levels on MR 
varies with their composition, the ratio of the components, the sequence parameters, 
and the position of the patient. 


Some intracranial lesions that have a cystic appearance on MR and CT are later 
demonstrated at surgery to be solid. A fluid level is the only preoperative radio- 
graphic finding that unequivocally proves a lesion is cystic. The impact this finding 
can have on the differential diagnosis and the surgical technique is obvious. We 
describe the MR characteristics of fluid levels in a variety of intracranial lesions and 
demonstrate the superior ability of MR in comparison with CT in detecting and 
characterizing them. The fluid levels are categorized according to their components, 
and the MR features of the three most common kinds (air-fluid, fluid-precipitate, 
and fat-fluid) are discussed. 


Materials and Methods 


Six patients with seven intracranial fluid levels were evaluated by MR, and the findings 
were compared with those on CT (Table 1). A surgical diagnosis was obtained in six of the 
seven instances. Patients who did not have both a CT and MR scan were excluded from the 
study. The study included five males and one female 10-72 years old. 

A high-field-strength (1.5-T) superconducting MR scanner was used.* T1-weighted, 400, 
600/20 (TR/TE), and T2-weighted multiecho, 2000, 2500/20, 80, sequences were acquired. 
The width and level were adjusted for maximum visualization of the fluid levels. One patient 
(case 1) was scanned in both the supine and prone positions. 

CT scans were obtained 1 day before the MR scans in cases 5 and 6 and 2 and 3 days 
before the MR scans in cases 1 and 3, respectively. In case 2, sequential CT scans were 
obtained, with the last CT scan being obtained 22 months prior to MR. In case 4, a CT scan 
was obtained 3 weeks after the MR scan. 


Case Reports 
Case 1 


A 42-year-old man was seen with recent onset of slowly progressive cranial-nerve deficits. 
A CT scan demonstrated questionable areas of low and high attenuation in the left pons 








598 ABRAHAMS ET AL. 


AJR:153, September 1989 


TABLE 1: Summary of Patients with Intracranial Fluid Levels Evaluated by CT and MR 





Detection of Fluid Level 








Classification/ 
Case No. Pathology 0 C To ES EIN a MF R ee re 
Fluid-precipitate 
1 Vascular malformation with hemorrhagic cyst Not seen T1: seen weil after width & level 
adjustment 
T2: seen well 
2 Arachnoid cyst resection with hemorrhagic surgical bed Not seen initially? T1: seen poorly after width & 
level adjustment 
T2: seen well after width & level 
adjustment 
3 Cystic schwannoma of hypoglossal nerve Not seen initially? T1 & T2: seen well 
4 Chromophobe adenoma with hemorrhagic cyst Not seen T1 & T2: seen well 
5 Recurrent craniopharyngioma with hemorrhagic cyst Not seen T1: seen well after width & level 
adjustment 
T2: seen well 
6 Intraventricular blood Seen well T1 & T2: seen well 
Air-fluid 
6° intraventricular epithelial cyst Seen well T1: seen well after width & level 
adjustment 
T2: seen well 


_ SRS ER AER TEN TETRA ESSELTE RES NT HEP HE MES DE ISEB TS ORI ESRI Shh SAS SEES AAP IEA A E EP AEE ARE EE EE CAEN VENTE EES BE BD MLE E IIE EEDA INTE SEEDED TOGGLE 
* After the fluid level was seen on MR, retrospective review of CT showed subtle findings suggesting a fluid level. 


? This patient had two fluid levels. 


T) scanner, showed a smooth, round, homogeneous high-signal 
pontine mass, but did not show a fluid level. A subsequent high-field- 
strength MR scan, however, clearly revealed a fluid level on the T2- 
weighted sequence, with a lower-signal-intensity component in the 
dependent position and a heterogeneous high-signal component in 
the nondependent layer (Figs. 1B, 1C, and 1E). 

The complexity of the nondependent high-signal portion of the 
lesion suggested the possibility of a solid nodule. A repeat examina- 
tion, performed with the patient in the prone position (Fig. 1D), readily 
revealed a fixed solid nodule that did not shift position while the fluid 
layers did. 

The precise MR localization of the solid component of the lesion 
and the demonstration of its cystic nature changed what was believed 
to be an inoperable lesion into an operable one. 

At surgery, a cystic lesion was entered, and a small arteriovenous 
malformation with adherent clot was excised. This clot corresponded 
exactly to the location of the nodule seen on the MR scan. Six months 
later the patient had resumed work and was playing tennis again. 


Case 2 


A 60-year-old woman had a left parietal arachnoid cyst resected 
at another hospital; the postoperative CT scan revealed a hemor- 
rhagic surgical bed. Sequential CT scans over the next month showed 
resolution of the hemorrhage. At our institution, a fluid level, which 
was not initially appreciated on CT, was clearly demonstrated on MR 
(Fig. 2B). Retrospective review of the CT scan suggested a fluid level 
(Fig. 2A). 


Case 3 


A 59-year-old man was seen for MR evaluation of a complex 
posterior fossa lesion that was demonstrated on CT. No cystic 
component or fluid level was initially appreciated on CT (Fig. 3A). The 
MR scan that followed, however, beautifully demonstrated a large 
cystic area with a fluid level (Figs. 3B and 3C). The surgical approach 
was greatly facilitated by the ability of MR to differentiate the cystic 
from solid portions of the lesion. 


At surgery, the cystic component contained a viscous yellow fluid. 
No blood was seen in the cyst and no hemosiderin was demonstrated 
histologically. The pathologic diagnosis was a cystic schwannoma. 


Case 4 


A 72-year-old man followed by ear, nose, and throat specialists for 
chronic vertigo and tinnitus had an MR scan of the internal auditory 
canal that revealed an incidental pituitary lesion with a fluid level 
composed of a very hypointense dependent layer and a hyperintense 
nondependent layer on the T2-weighted sequence (Fig. 4A). A sub- 
sequent CT scan failed to demonstrate this fluid level (Fig. 4B). 
Further questioning elicited two recent episodes of severe headache 
and nausea, which were believed to be consistent with pituitary 
apoplexy. The patient underwent transsphenoidal surgery, and a cyst 
containing subacute blood was encountered within the lesion. The 
pathologic diagnosis was chromophobe adenoma. 


Case 5 


A 10-year-old boy who had undergone debulking of a craniopha- 
ryngioma when he was 4 years old presented with signs and symp- 
toms of hydrocephalus. CT and MR scans 1 day apart revealed 
recurrent tumor and hydrocephalus (Fig. 5). A fluid level was once 
again identified within the lesion on MR but not on CT. The dependent 
layer was hyperintense relative to brain on T1 images and markedly 
hypointense on T2 images, while the nondependent layer was very 
hyperintense on both T1- and T2-weighted images. It was believed 
from CT and MR that these findings represented hemorrhage with 
recurrent tumor, but the patient refused surgery. 


Case 6 


A 52-year-old man had a 1¥2-year history of right-sided headaches 
that occasionally were positional in nature. His neurologic examination 
was unremarkabie. CT and MR scans demonstrated a cyst in the 
trigone of the right lateral ventricle (Fig. 6A). An attempt at rupturing 


k- 


AJR: 153, September 1989 


D 


Fig. 1.—ase 1; Vascular malformation with a hemorrhagic cyst. 
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A, Axial contrast-enhanced CT scan. Areas of low and high attenuation (arrows) suggest a lesion in this location. No fluid level is seen. 


B, Sagittal T1-weighted image (600/20) shows high-signal lesion in pons. 


C, With width and level adjusted to allow visualization of fluid level (compare with B). High-signal free methemoglobin layer is in nondependent position 
(straight open acrow), while lower-signal intracellular deoxyhemoglobin and/or intracellular methemoglobin layer assume dependent position (curved 


arrow’. Fluic tevel (solid white arrows). Nodule (black arrows). 


D, Sagittal T1-weighted image (400/20) with patient in prone position. This causes fluid layers to swap positions while high-signa! nodule (small straight 
solid arrows} remains fixed. Nodule is now better visualized against relatively lower-signal layer (curved arrow). (Compare with C.) Free methemoglobin 


(straight open arrow); fluid level (long straight solid arrows). 


E, Axial T2-weighted image (2500/80). Low-signal intracellular deoxyhemoglobin and/or intracellular methemoglobin layer (curved arrow) have dropped 
furthe: in signal intensity on this T2-weighted image. (Compare with C.) Nodule (black arrows); free methemoglobin (straight open arrow); fluid level (solid 


white arrow? ). 


the cyst was made by passing a needle through a burr hole under 
sonographic guidance. Only partial decompression of the cyst was 
achieved. His symptoms resolved transiently, but recurred 4 months 
later. A CT and MR scan at that time showed that the cyst had 
enlargad. Therefore, the patient underwent surgical deroofing of the 
cyst. This sion was diagnosed as an epithelial cyst at pathology 
and the patent did well postoperatively. The anterior portion of the 
cyst wall, which was left intact, allowed the formation of an air-fluid 
level, which was seen on postoperative CT and MR scans (Figs. 6B- 
6D). The sondependent air produced a signal void on all pulse 
sequences, while the dependent CSF layer behaved like CSF on all 
pulse sequences. 

in addition to the air-fluid level demonstrated on the postoperative 
CT ard MF scans, a blood-CSF level formed in the occipital horn of 
the lateral ventricle (Figs. G6E-6G). The fluid level was composed of a 


dependent layer that was slightly hypointense relative to brain on T1- 
weighted images and markedly hypointense on T2 images, and of a 
nondependent layer that behaved like CSF (Figs. 6F and 6G). On CT, 
the dependent layer was highly attenuating and the nondependent 
layer again behaved like CSF (Fig. 6E). 


Results 


MR was superior to CT in imaging fluid levels (Table 1). in 
cases 1-5, the fluid levels were readily seen on MR, but not 
on CT. In case 6, the fluid levels were seen equally well on 
MR and CT. Retrospective review of the CT scans did show 
subtle findings suggesting fluid levels in cases 2 and 3 (Figs. 
2A and 3A), but these were not appreciated initially. 
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Fig. 2.—Case 2: Hemorrhagic surgical bed 
after resection of arachnoid cyst. 

A, Axial CT scan. Retrospective review re- 
vealed findings suggestive of fluid level (/arge 
arrows). Lesion (small arrows). 

B, Axial T2-weighted image (2500/80) clearly 
shows fluid level. High-signal free methemoglo- 
bin assumes nondependent position (straight ar- 
row). intracellular deoxyhemogiobin and/or in- 
traceliular methemoglobin (curved arrow). 














A . B | C 


Fig. 3.—Case 3: Cystic schwannomas of hypoglossal nerve. Fluid level comprising proteinaceous cyst fluid and necrotic debris is evident. 

A, Axial CT scan shows complex posterior fossa mass. Retrospective review revealed findings suggestive of fluid level (large black arrows). Solid 
component of lesion (white arrows); cystic component (small black arrows). 

B, Sagittal T1-weighted image (600/20). Nondependent proteinaceous fluid layer (solid black arrow) has a slightly higher signal intensity than CSF in 
ventricles and cisterns. Dependent layer is presumed to be composed of necrotic debris (open arrow). Solid portion of lesion (small white arrows); fluid 
level (large white arrows). 

C, Axial T2-weighted image (2500/80). Proteinaceous fiuid has slightly higher signal than CSF (large solid white arrow), while necrotic debris is 
isointense relative to brain (open arrow). Solid portion of lesion (solid arrows). 


Fig. 4.—Case 4: Chromophobe adenoma with 
hemorrhagic cyst. 

A, Axial T2-weighted MR image (2000/80). 
Fluid level is noted within lesion. Chromophobe 
adenoma (short straight arrows). Free methe- 
moglobin layer (long straight arrow). intracellular 
deoxyhemoglobin and/or intracellular methe- 
moglobin (curved arrow). 

8, Coronal CT scan through posterior sella 
turcica shows chromophobe adenoma with low- 
attenuating hemorrhagic cyst (arrowheads). Dor- 
sum sellae (arrows). 
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Fig. §.—Sase 5: Recurrent craniopharyngioma with fluid level. 


Cc 


A, Axial ZT scan. Posterior cystic component (small solid arrows). Fluid level is not seen. Solid calcified portions of craniopharyngioma are seen 
(arrowheads). Anterior hemorrhagic component, without fluid level (open arrow). Third ventricle (large solid arrow). 

B, Axial 72-weighted MR image (2000/80) corresponding to A. Two solid, calcified portions of lesion are noted (arrowheads). (Compare with A.) Within 
posterior cystic portion (arrows), fluid layer is seen. High-signal free methemoglobin layer assumes nondependent position. 

C, Axial "1-waighted MR image (600/20) through circle of Willis. Note that when width and level are adjusted for brain parenchyma, as in this image, 
fluid level is not seen clearly. Solid portions of lesion (arrowheads); cystic portion (small solid arrows). Third ventricle invaginated by tumor (large solid 
arrow). Large, round, high-signal area (open arrow) in upper portion of lesion was also believed to be hemorrhagic focus, because it had high attenuation 
on concurrent CT scan (A) and low attenuation on previous CT scan. No fluid level was seen in this portion. 


The MF signal characteristics of the fluid levels were helpful 
in identifying their contents in all cases. In addition, several 
other observations were made. It was found that adjusting 
the width and level was necessary, in some sequences, for 
visualization of the fluid levels (Table 1). When the level and 
width wer adjusted for normal brain imaging, the fluid levels 
were not initially visualized on the T1 sequences in cases 1, 
2, and 5 ‘Figs. 1B, 1C, and 5C) or on the T2 sequence in 
case 2. The air-CSF level in case 6 was seen with difficulty 
on the T#weighted sequence (Fig. 6D). Changing the width 
and level. however, enabled us to detect these fluid levels 
readily. This point deserves special emphasis since widths 
and levels are routinely selected by technologists, who, with 
batch filming, will not adjust the parameters for each image. 
Cases 1, 2, 5, and 6, in particular, showed that the demon- 
stration c? these sometimes subtle findings will depend on 
the use cf nenroutine parameters. In addition, contrast be- 
tween fluid levels might be enhanced by gradient-refocused 
imaging techniques, particularly in areas of hemorrhage. 

The fluid levels composed of blood in different stages 
(cases 1, 2, and 4-6) were seen best on the T2-weighted 
sequence (Figs. 1E, 2B, 4A, 5B, and 6G). The more pro- 
nounced »ypointensity of the dependent layer on the T2- 
weighted sequences compared with the T1 sequences re- 
sulted in superb contrast between the two components of 
the fluid evel. The relatively blacker appearance of the de- 
pendent lzyer on T2-weighted images is believed to be related 
to the selective T2 shortening caused by intracellular para- 
magnetic substances such as intracellular deoxyhemoglobin 
or intrace!‘ular methemoglobin [1, 2]. 

Lastly, ‘maging in the prone position in case 1 (Fig. 1D) was 
extremelyhelpful in defining a solid nodule that was not clearly 
seen in the supine position. The relatively high signal intensity 


of the nodule on the T1-weighted sequence made its visuali- 
zation difficult against the high signal intensity of the surround- 
ing free methemoglobin. In the prone position, however, the 
solid nodule remained fixed while the component fluid layers 
swapped positions. This enabled the nodule to be clearly seen 
against the surrounding layer of low signal intensity. 


Discussion 
MR Characteristics in Reported Cases 


The MR signal characteristics in our six patients were 
helpful in identifying the contents of the fluid levels. Similar 
signal characteristics were seen in cases 1, 2, 4, and 5 (Figs. 
1, 2, 4, and 5). In these cases the nondependent layers had 
high signal intensities on T1- and T2-weighted sequences. 
The dependent layers were hyperintense relative to brain on 
T1-weighted sequences (although less hyperintense than the 
nondependent layer) and became hypointense on T2- 
weighted sequences (Figs. 1C, 1E, 2B, 4A, and 5B). These 
signal characteristics were consistent with those described 
for various phases of subacute blood, as described in depth 
by other authors [1-6]. Subacute blood in the dilute methe- 
moglobin phase has been shown to have high signa! intensity 
on all pulse sequences. Intracellular methemoglobin has been 
described as having high signal on T1 sequences and low 
signal on T2 sequences, while intracellular deoxyhemogiobin 
appears hypointense to isointense on T1 sequences and 
hypointense on T2 sequences. However, as the hematoma 
evolves, intermediate stages are found containing both intra- 
cellular deoxyhemoglobin and intracellular methemoglobin, 
which may be variably hyperintense on the T1 images. Blood, 
as predicted, was demonstrated in all these cystic lesions, 
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except in case 5 (recurrent craniopharyngioma). In case 5, 
where the patient refused repeat surgery, the presence of 
blood was inferred by its appearance on CT. In case 6 
(intraventricular blood) the blood had Slightly different signal 
characteristics. On the T1-weighted sequence, the blood had 
a Slightly lower signal intensity than brain parenchyma, and 
on the T2-weighted sequence it dropped even further (Figs. 
6F and 6G). This was consistent with blood in a more acute 
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< : Fig. 6.—Case 6: intraventricular epithelial cyst 
N with air-fluid level (B-D) and blood-CSF level 
(E-G). 3 

A, Preoperative axial T2-weighted image 
(2000/80) shows cyst wall (arrows). 

B, Postoperative axial CT scan shows air-fluid 
level (arrow) within cyst. 

C, Postoperative axial T2-weighted MR image 
(2000/80) shows air-fluid level (white arrow) in 
anterior portion of cyst. Cephaiad portion or roof 
of cyst was opened surgically. Cyst wall (black 
arrows). 

D, Postoperative axial T1-weighted image 
(600/20) shows air-CSF level (black arrow) and 
cyst wall (white arrows). Air-CSF level is difficult 
to see when imaged at normal brain window and 
level. Adjusting width and level rendered visual- 
ization superior to that in this image. 

E, Postoperative axial CT scan shows high 
attenuation of acute blood in occipital horn (open 
arrow). Blood-CSF level (solid arrows). 

F, Axial T1-weighted image (600/20) shows 
that blood (open arrow) has a slightly lower 
signal intensity than surrounding brain, but 
higher than CSF. Blood-CSF level (solid arrows). 

G, Axial T2-weighted image (2000/30) shows 
drop in signal intensity of blood (open arrow). 
These signal characteristics suggest a mixture 
% of acute and subacute blood. Blood-CSF level 

| (solid arrows). 





phase (intracellular deoxyhemoglobin), the presence of which 
was readily explained by surgery the previous day. The signal 
intensity on the T1-weighted sequence being higher than that 
of CSF suggests a mixture with some subacute blood. 

The appearance in cases 3 and 6 (air-fluid level), in which 
there was no blood, was completely different. In case 3 (cystic 
schwannoma), the nondependent layer had a low signal inten- 
sity on the T1-weighted sequence that was slightly higher in 
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inteasity than CSF (Fig. 3B). On the T2-weighted sequence, 
the signal flipped to an intensity that was higher than that of 
CSF (Fic. 3€). These signal characteristics were typical of 
those described for nonhemorrhagic proteinaceous cysts 
[7]. andat sargery a cystic schwanomma with proteinaceous 
fluid. was encountered. No blood or hemosiderin was dem- 
onstrated at pathology. The dependent layer had a signal 
intensity that was similar to that of surrounding brain on both 
the T1- and T2-weighted sequences (Figs. 3B and 3C). It was 
not studied separately at pathology but was considered ra- 
diographically to represent necrotic debris. In case 6, an air- 
CSF leve was present within an intraventricular epithelial cyst 
(Figs. 6£-6D). The nondependent air layer naturally had a 
signal vaid on all sequences, while the CSF layer demon- 
strated tise usual characteristics of CSF. 


Classification: of Fluid Levels 


Although MR signal characteristics are helpful in identifying 
the contents of the fluid levels, their formation is actually 
related te density differences within the layers. Fluid levels 
occur when two or more immiscible substances of unequal 
density coexist. In the human body we commonly encounter 
four “substances” with different densities: water, air, fat, and 
solids. The fluid levels we confront most frequently can there- 
fore be <lassified into three groups: air-fluid, fat-fluid, and 
fluid-solic (precipitate) (Fig. 7). 

Flaid-precipitate level.—Every patient in our series is in- 
cluded inthe fluid-precipitate category. In the cystic schwan- 
noma (case 3), the precipitate layer was composed of necrotic 
debris that settled to the bottom of the proteinaceous cyst, a 
findiag that has been reported also in a cystic glioma [8]. In 
the fluid levels that contained blood in various stages of 
evolution the precipitate layer was composed of cellular blood 
elementsacases 1, 2, 4, 5, and 6). Cohen et al. [9] have been 
able to demonstrate this phenomenon in vitro. They showed 
that both:serum and plasma assume a nondependent position 
and have a high signal intensity of T1- and T2-weighted 
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Fig. 7.—MR appearances of fluid levels. 
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images. RBCs assume a dependent position and have a low 
signal intensity on T2-weighted images. Therefore, while var- 
ious stages of methemoglobin and deoxyhemoglobin are 
responsible for the signal characteristics, the physical forma- 
tion of the fluid level is due to settling of the relatively denser 
cellular components. Other fluid-precipitate levels might also 
be seen in cerebral abscesses when inflammatory cells layer 
or in calcified cystic lesions when calcified products settle to 
the bottom. 

Air-fluid level.—The MR appearance of an air-fluid level is 
nicely illustrated by case 6. The nondependent air layer should 
always have a signal void, while the dependent fluid layer 
could vary in signal intensity according to the amcunt of fat, 
protein, or blood within the fluid (Fig. 7). 

An air-fluid level containing subacute blood might even have 
three layers: a nondependent air layer, a dependent layer 
containing intracellular methemoglobin or intracellular deoxy- 
hemoglobin, and, in between, a layer containing free methe- 
moglobin or free deoxyhemoglobin (Fig. 7). The air and free 
methemoglobin would have a signal void and a high signal 
intensity, respectively, on both the T1- and T2-weighted se- 
quences, while the intracellular methemoglobin or intracellular 
deoxyhemoglobin would become markedly hypointense on 
the T2-weighted sequence. This would account for the ap- 
pearance demonstrated in Figure 7. 

Fat-fluid level.—None of our patients had intracranial fat- 
fluid levels on MR; however, they have been seer on CT in 
epidermoid tumors in the brain [10], ventricles [11], and 
subarachnoid spaces [11]. On MR we would expect a pure 
fat-fluid level to have a nondepencent fatty layer characterized 
by high signal intensity on the T1-weighted sequence with a 
slight loss of signal intensity on the T2-weighted sequence. 
This is due to the relatively short T1 and T2 relaxation times 
of fat [12]. It is important to keep in mind, however, that the 
predicted appearance of the fatty layer may not always con- 
form to this model [13]. With high-field-strength magnets we 
would also expect a chemical-shift artifact to occur between 
the lipid and aqueous interface in the frequency-encoding 
direction. On a multiecho axial scan the anterior aspect of the 
fatty component would have a rim of low signal (signal gap) 
while the posterior aspect would be expected to Fave a rim 
of high signal (signal overlap). 

The dependent fluid layer in a fat-fiuid level, as with CSF, 
would be expected to have a low signal intensity on the T1- 
weighted sequence and a high signal intensity on the T2- 
weighted sequence (Fig. 7). This is due to the lorg T1 and 
T2 relaxation times of relatively pure fluids [3, 7, 12]. Again, 
one must also keep in mind that not all fluids are in a relatively 
pure state like CSF. An increase in the protein content of a 
fluid shortens its T1 and T2 relaxation times [3, 7]. Under 
these conditions the fluid layer on the T1 sequence may have 
a signal intensity higher than CSF has, but usually lower than 
that of the surrounding brain parenchyma. At TRs used in 
routine T2-weighted imaging sequences, the signal intensity 
of a fluid with a high protein content may become brighter 
than CSF. This results from the relatively greater contribution 
of T1 shortening on signal intensity at routine imaging param- 
eters [7]. Therefore, we can see that the pred:cted MR 
appearance of a fat-fluid level may vary, particularly in the 
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case of an epidermoid tumor. Dermoid tumors seem to be- 
have more like pure fat-fluid levels (Fig. 7) [14]. 


Conclusions 


We have described the MR characteristics of fluid levels 
and have classified fluid levels into three main groups: fat- 
fluid, air-fluid, and fluid-precipitate. It is important to remem- 
ber, however, that the MR appearance of a specific lesion 
may vary according to the exact contents of the fluid level. 
For example, the fluid layers of two cystic lesions with the 
same pathologic diagnosis may appear different if the protein, 
fat, or blood contents of the fluid are different. It also seems 
clear, from this limited series, that MR is superior to CT in 
imaging fluid levels, and that analysis of MR signal character- 
istics can be most helpful in attempting to identify the contents 
of the fluid layers. 
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The Acetazolamide Challenge: 
Imaging Techniques Designed to Evaluate 
Cerebral Blood Flow Reserve 

















Cerebral blood flow was analyzed by the stable xenon (Xe)/CT scanning technique 
in 29 patients with significant vascular lesions before and after administration of an 
acetazolamide (Diamox) vasodilatory challenge. Three response types were identified: 
|, normal flow before Diamox with flow augmentation after Diamox; Il, low flow before 
Diamox with flow augmentation after Diamox; and Ill, low or normal flow before Diamox 
with no augmentation or decreased flow after Diamox. Twenty-four percent of the 
patients studied qualified for category Ill. We believe that patients in this category 
represent a group of individuals without blood flow reserve whose clinical management 
should include careful consideration of their hemodynamic status. 

The Xe/CT scanning technique with the addition of Diamox flow challenge is a clinically 
accessible and effective method for assessing cerebral blood flow and blood flow 
reserve. 


The development of a clinically accessible means to identify patients with 
neurologic symptoms caused by transient focal or global low cerebral tlood flow 
(CBF) has important potential therapeutic implications [1-3]. Signs and symptoms 
of decreased cerebrovascular reserves and episodic low CBF are generally non- 
specific and may be difficult to recognize [4]. Angiography is imprecise in astablish- 
ing the diagnosis because this technology is unable to provide the physiologic 
information necessary to assess the adequacy of primary or collateral regional 
blood supply [5]. Ideally, this analysis is performed by positron emission tomogra- 
phy (PET), which requires the measurement of both CBF and metabolism [6, 7]. 
PET is, however, available at relatively few centers. This article describes the use 
of stable xenon (Xe)/CT performed before and after a vasodilatory challenge to 
identify patients with low cerebral blood flow and blood flow reserve. 

The strategy we followed was derived in part from PET studies that determined 
that the cerebral arteries maintain CBF in response to decreased perfusion pressure 
by dilatation [2]. After vessels are maximally dilated, any further compromise in 
perfusion pressure results in a progressive decrease in blood flow and an accom- 
panying increase in oxygen extraction. When this condition, termed “misery perfu- 
sion” [3], has been achieved, additional vasodilatory challenges would not be 
expected to augment flow. When CBF falls below 20 mi/100 g/min in normal 
cortical tissue, metabolism and neurologic function become compromised as the 
regional oxygen and glucose supply to the brain is expended [8, 9]. 

Although local cerebral blood flow values may be reduced by proxima! vascular 
compromise and inadequate supply, CBF can also be reduced by decreased 
metabolic demand caused by either neuronal loss or deafferentation. Therefore, a 
single measurement of CBF, regardless of the method—xXe-133, single photon 
emission CT (SPECT), or stable Xe/CT—does not give nonspecific information in 
this regard. However, the addition of a second measurement obtained during a 
vasodilatory challenge can assess whether territorial reserves have been compro- 
mised. That is, CBF augmentation would not be expected in regions that already 
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TABLE 1: Summary of Clinical Histories, Significant Vascular Anatomy by Doppler or Angiographic Investigation, and Categorization 
by Xe Diamox Analysis in 29 Patients 





ONO ao 


11 
12 


13 
14 
15 
16 


17 
18 


19 


20 


21 


22 


23 


24 


L hemiparesis 
expressive 
aphasia 

L facial and upper 
extremity weak- 
ness; symptoms 
related to de- 
creased blood 
pressure 

Transient L 
hemisphere 
symptoms 

L hemisphere TIAs 
after endarterec- 
tomy 

L TIA 


Aphasia 
Syncope 
R hemiparesis 


L carotid bruit 


Transient R hemi- 
paresis & ex- 
pressive aphasia 

Transient R hemi- 
paresis 

L occipital infarct; 
light-headed- 
ness 


R CVA 


Transient R hemi- 
paresis & 
aphasia 

Syncope 

Episodic dizziness 


Asymptomatic 
Asymptomatic 


R hemiparesis; 
L caudate 
infarction 

Vertigo 


R hemisphere 
TIAs; R amau- 
rosis fugax 

R amaurosis fugax 


R amaurosis fugax 


R hemiparesis 


Significant 
Vascular Anatomy 


R MCA occlusion 


R ICA occlusion; 
bilateral moder- 
ate VA 
stenosis 


L ICA occlusion 


R & L VA steno- 
sis 

R ICA occlusion 

L ICA occlusion 

L ICA occlusion, 
80-90%; R ICA 
stenosis 

Doppler 80% L 
ICA stenosis 

Doppler severe L 
ICA stenosis 


40-50% L ICA 
stenosis 

>80% L ICA 
stenosis; >80% 
L subclavian 
stenosis; R 
subclavian oc- 
clusion 

R ICA occlusion 


>70% L ICA 
stenosis 


R ICA occlusion 

>70% L & R VA 
stenosis 

L ICA occlusion 

L ICA & R ICA 
occlusion 

L MCA occlusion 


LICA, RICA, 
R VA occlu- 
sion; L EC-IC 
bypass 

R ICA occlusion 

R ICA stenosis 


L ICA occl; R VA 
occl; R ICA 
pseudoocclu- 
sion 

R ICA 80% 
stenosis; R 
subclavian oc- 
clusion 

>80% L ICA ste- 
nosis 





A Pre-pCO./ Baseline Cerebral 
ge Post-pCO2 Blood Flow _ 
59 39/30 Focal R MCA 
distr.; low flow 
78 38/30 Diffuse low 
55 31/27 Focal L ICA distr.; 
low flow 
74 38/32 Normal 
72 33/30 Diffuse low 
64 32/24 Normal 
37/32 Normal 
66 30/28 Focal R MCA 
distr.; low flow 
50 39/37 Normal 
57 42/40 Focal L MCA de- 
creased flow 
66 34/24 Normal 
54 42/34 Normal 
63 30/26 Low flow R ACA; 
R MCA distr. 
32/28 Periinfarct; normal 
41/38 Normal 
67 36/30 Normal 
66 30/27 Global low flow 
60 36/30 Global low flow 
Low normal flow 
(periinfarct) 
70 Global low 
Focal low R ICA 
distr. flow 
64 35/28 Diffuse low flow 
54 35/26 Normal 
67 32/28 Low normal 





No change 


Diffuse increase 


No change 
Diffuse increase 


Diffuse increase 
Diffuse increase 
Diffuse increase 
No change 


Diffuse increase 


Unchanged 


Diffuse increase 


Diffuse increase 


Diffuse increase 
Diffuse increase 
Diffuse increase 
Diffuse increase 


Diffuse increase 
Diffuse increase 


Diffuse increase 
except in 


infarct 
Diffuse increase 


Focal low R ICA 
distr. 


Diffuse increase 


Diffuse increase 


Diffuse increase 


I 
il 
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Table 1—Continued 
Case BAS Significant Pre-pCO2/ Baseline Cerebral : 

No. Clinical History Vascular Anatomy Age Post pCO. Blood Flow Xe Diamox Type 

25 Vertigo Doppler; R ICA 62 32/32 Diffuse low flow Focal low Hi 
stenosis 

26 L carotid bruit 90% LICA 69 Normal Diffuse increase | 
stenosis 

27 R amaurosis fugax L ICA & R ICA 63 Diffuse low flow Diffuse increase Il 
occlusion; 80% 
L VA stenosis; 
60% R VA 
stenosis 

28 L bruit; old MCA 99% L ICA steno- 42 Focal low flow Diffuse increase i 

infarct sis; 50% R ICA (periinfarct) 

stenosis 

29 L upper extremity 99% R ICA 55 Normal Focal decrease ill 

weakness stenosis; L ICA (R ICA distr.) 
occlusion; 50% 
L&R VA ste- 
nosis 
“Type: | = normal baseline with post-Diamox flow augmentation; Il = low-flow baseline with post-Diamox augmentation; IHI = low or normal baseline with no 


response or decreased flow post-Diamox. Low = 20-35, normal = 35-60, high = >60 (as defined in text). 
Note. —ACA = anterior cerebral artery; MCA = middle cerebral artery; PCA = posterior cerebrai artery; subclav = subclavian artery; VA = vertebral artery; ICA 
= internal carotid artery; R = right; L = left; EC-IC = extracranial to intracranial; TIA = transient ischemic attack; CVA = cerebrovascular accident. 


have maximum vasodilation, while augmentation would be 
expected in regions with reduced CBF secondary to de- 
creased metabolic demand. 

On the basis of this theory, some investigators have mea- 
sured CBF before and after a flow challenge to identify 
patients with “misery perfusion.” Various methods have been 
used to create a flow challenge: (1) elevating or lowering 
blood pressure, (2) having patients inhale a 3-5% carbon 
dioxide mixture, or, more recently, (3) administering an IV 
acetazolamide (Diamox) bolus [9-12]. 

Acetazolamide is easy to administer, safe, and provokes a 
predictably potent vasodilatory challenge [13-15]. The spe- 
cific action of the drug that causes vasodilation is unclear, but 
it is believed that vasodilation is mediated by the drug's 
inhibition of carbonic anhydrase [12, 13]. The vasodilatory 
effect appears to be localized to the brain (13, 15, 16], and 
the activity cf the drug remains potent despite baseline in- 
creased tissue levels of pCO: [13, 14]. The degree of CBF 
augmentation found in the normal individual has ranged from 
70-90% [12,13]. With advancing age, activated flows may 
not increase as dramatically, but flow symmetry will remain 
preserved [12]. 


Materials and Methods 


CBF was determined by the Xe/CT CBF method. The Xe/CT 
method isa relatively new CBF technology that provides tomographic, 
quantitative CBF information with direct anatomic correlation.* This 
methodology has been addressed in detail previously {1, 17-19]. 

Xe/CT CBF with an acetazolamide challenge can be performed on 
an outpatient as well as inpatient basis. The average time to complete 
a double CBF study—before and 20 min after the administration of 








* General Electric Medical Systems, Milwaukee, WI. 


TABLE 2: Cerebral Blood Flow* Analysis in Four 
Representative Cases: The Effect of Diamox by Vascular 
Territory 





R ACA L ACA R MCA L MCA R FCA L PCA 


Type! Baseline 46 44 49 52 4G 47 
Case 26 Diamox 63 63 67 67 & 66 
% Change 35% 43% 37% 29% 30% 39% 
Type ll Baseline 26 26 31 28 2 32 
Case 27 Diamox 37 46 41 41 53 51 
% Change 438% 73% 31% 50% 6E% 60% 


Type li Baseline 33 25 36 23 37 37 
Case 28 Diamox 44 32 44 31 47 47 
% Change 28% 23% 35% 26% 27% 
Type lll Baseline 34 36 34 44 47 44 
Case 29 Diamox 34 32 32 48 47 54 
% Change 1% -11% -5% 18% C% 23% 
SRE O S LT LE ST LE IE IE IIT FATTER IST TP ISTE LT EET EE 
* Cerebral biood flow measured as mi/100 g/min. 
Note.—R = right; L = left; ACA = anterior cerebral artery; MCA = middle 
cerebral artery; PCA = posterior cerebral artery. 





acetazolamide—is 60 to 90 min. Patient cooperation is required for 
this study, which also demands direct involvement of a health care 
professional. Immediately after the initial CBF study, 1 g of IV acet- 
azolamide is administered. The second study is begun 29 min after 
drug delivery. Typically, acetazolamide results in a reduction of mea- 
sured end tidal CO; (see Table 1) without alteration of vital signs or 
other associated symptoms. 

We studied 29 patients with significant vascular disease diagnosed 
by either noninvasive studies or angiography. Twenty-three individ- 
uals had at least one significantly stenosed or occluded carotid artery, 
and 12 had occlusion in two or more major vessels (Table 1). Three 
patients were asymptomatic and underwent these studies because 
they were found to have a carotid bruit. Twenty-six patients had 
experienced transient ischemic attacks (TIAs) or fixed neurologic 
compromise. The latter patients were studied at least 3 weeks after 
a stroke. This allowed time for the recoupling of CBF and metabolism 
to occur. 
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We compared pre- and postacetazolamide CBF studies by using 
standard contrast-mode software and region-of-interest density soft- 
ware for blood flow analysis (see Fig. 1). in the contrast mode, ail 
values above the designated flow level are displayed as white, and 
all values beiow as black (see Figs. 2E and 2F). Regions of interest 
for regional cerebral blood flow (rCBF) were consistent with vascular 
territories reported by Damasio [20]. Pre- and postacetazolamide 
blood flow maps were compared for evidence of flow change in 
corresponding vascular territories. We generally considered rCBF to 
be within normal limits when flows ranged between 35 and 60 mi/ 
100 g/min. Acceptable limits of normal were somewhat dependent 
on patient age, however, as flows of 35 mi/100 g/min were consid- 
ered low in a 20-year-old but acceptable in an 80-year-old. An rCBF 
between 20 and 35 was generally considered low; an rCBF greater 
than 60 was generally considered elevated. 


Results 


The results are summarized in Table 1. This table provides 
Clinical information and significant vascular anatomy for each 
of the 29 patients in the study. All patients had at least one 
major vessel with greater than 50% stenosis. Twelve (41%) 
had multivessel disease. pCO; values are provided to dem- 
onstrate that Diamox was physiologically active, blocking 
carbonic anhydrase and thereby decreasing pCO: in all cases. 

Three basic types of responses to Diamox are defined: 
type I, normal CBF before Diamox with flow augmentation 
after Diamox; type ll, diffuse or focal low CBF before Diamox 
with augmentation after Diamox; type Ill, low or normal CBF 
before Diamox with no response or decreased CBF after 
Diamox. Thirteen patients (45%) had a type | response, nine 
patients (31%) had a type Il response, and seven patients 
(24%) had a type Ill response. The following four cases are 
representative of each response type and are described in 
greater detail in Table 2. 
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Type | (case 26, Table 1): A 69-year-old man was evaluated 
after being diagnosed, during a routine physical examination, 
as having an asymptomatic left carotid bruit. Noninvasive 
studies showed severe stenosis of his left internal carotid 
artery (ICA). Angiography confirmed 80-90% stenosis at the 
origin of the proximal left ICA; the remainder of the intracranial 
vasculature and the circle of Willis were normal. A CT scan 
(Fig. 1A) was unremarkable, and the baseline Xe/CT CBF 
study (Fig. 1B) was normal. Flow was symmetrical in all 
territories, with most values ranging between 45 and 55 mi/ 
100 g/min. Twenty minutes after the patient received 1 g of 
IV acetazolamide, we performed a second CBF study (Fig. 
1C), which showed an average flow increase of 36% in all 
vascular territories (Table 2). 

Type li (case 27, Table 1): A 63-year-old woman presented 
with a sudden onset of blindness in the right eye that resolved 
partially over the next 6 weeks. Angiography demonstrated 
90% stenosis at the origin of the left common carotid artery 
and occlusion of the left internal carotid artery (ICA). The right 
ICA also was occluded, and the right external carotid artery 
was moderately stenotic at its origin. The origin of the left 
vertebral artery had an 80% stenosis, and the origin of the 
right vertebral artery had 50-60% stenosis. Collateral supply 
to the right ICA siphon was supplied by ethmoidal vessels. In 
addition to flow from the right ICA, the right anterior cerebral 
artery (ACA) and middle cerebral artery (MCA) also received 
collateral flow through the right posterior communicating ar- 
tery and leptomeningeal collaterals from the right posterior 
cerebral distributions. The baseline Xe/CT CBF study dem- 
onstrated lower flow values bilaterally than would be expected 
in a 63-year-old person (a mean of 29, Table 2). The introduc- 
tion of acetazolamide, however, caused a symmetrical flow 
augmentation of 55% (up to 44.9 mi/100 g/min). 

Type Il (case 28, Table 1): A 42-year-old man presented 
with an asymptomatic bruit found after a significant left hemi- 





Fig. 1.—A-C, Case 26. Xe/CT scans demonstrate a representative type | normal scan series. 
A, The middie of the usual three levels selected for evaluation. 
B, Baseline Xe/CT image with superimposed vascular territory map and region of interest blood fiows (ml/100 g/min). 
C, Repeat Xe /CT CBF evaluation after Diamox (1 g IV). Flow augmentation has occurred in all vascular territories. 
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sphere, closed head injury. His examination revealed a mild 
residual expressive aphasia. CT images disclosed an area of 
encephaiomailacia in the left middle cerebral artery distribu- 
tion, congistent with a remote infarction (Fig. 2A). Angiography 
demonsteated 99% stenosis at the origin of the left ICA and 
50% stenosis at the origin of the right ICA. Collateral flow to 
the left hemisphere occurred by retrograde ophthalmic artery 
flow to the carotid siphon, and by posterior communicating 
artery and ieotomeningeal collaterals from the posterior cir- 
culation. The baseline Xe/CT CBF study showed an area of 
hypoperfusion corresponding to the site of previous infarction, 
but also showed compromised flow values in the remainder 
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Fig. 2.-A-F, Case 28. Xe/CT scans demonstrate a representative type Il scan series. 

A shows an area of encephalomalacia in left frontoparietal region from a previous infarction. The level above, D, appears normal. 

in B and E. Xe,CT shows that the area of decreased CBF is greater than that expected from plain CT. Flows are decreased in the left frontal and mid- 
parietal regiens:anterior and posterior to the old infarction, as well as in the frontoparietal region above the site of the infarct. 

in C and F. Post-Diamox flow augmentation is seen in periinfarct zone at level of, and cephalad to, the known area of encephalomalacia. E and F were 
tilmed at a lewvei of 20 (white = flow greater than 20 mi/100 g/min) to accentuate flow differences before and after Diamox. 
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of the left middie cerebral artery (Figs. 2B, 2E, and Table 2). 
After receiving 1 g of acetazolamide, there was an increase 
of CBF in all territories, including the region immediately 
posterior to the infarction within the distal distribution of the 
middle cerebral artery (Figs. 2C, 2F, and Table 2). 

Type lll (case 29, Table 1): A 55-year-old man oresented 
with left upper extremity weakness and left facial paresis of 
recent onset. An angiogram defined a 95% stenosis at the 
proximal right ICA, and complete occlusion of the left ICA. 
The left and right anterior and middle cerebral arteries were 
supplied by the stenotic right ICA. The left middle cerebral 
artery was supplied by collateral vessels from the left external 
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carotid and left posterior cerebral arteries. The origins of both 
vertebral arteries were moderately stenotic. A CT scan was 
unremarkable (Fig. 3A). The baseline Xe/CT CBF study dis- 
closed normal baseline flow values within all territories, but 
with mild asymmetry (R < L) (Figs. 3B, 3C, and Table 2). After 
the addition of acetazolamide, flow remained unchanged or 
decreased in all right anterior circulation territories and in 
the left anterior cerebral artery territory (Figs. 3D, 3E, and 
Table 2). 


Discussion 


The diagnostic utility and specificity provided by the use of 
acetazolamide as a vasodilatory challenge were suggested 
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by Vorstrup et al. [21], who used Xe-133 with SPECT imaging 
to evaluate patients before and after extracranial-intracranial 
bypass operations [21, 22]. These researchers noted post- 
operative augmentation of resting CBF in only one of the 13 
patients with preoperative regional hypoperfusion; this patient 
was also the only patient in the study whose CBF was not 
increased after preoperative acetazolamide flow challenge. 
These findings support the contention that acetazolamide 
flow challenge can identify those patients who already have 
maximal vasodilation and minimal flow reserves. 

On the basis of our experience, we defined three types of 
responses to an acetazolamide challenge: |, an increase in 
normal baseline flow values; il, an increase in focal or diffuse 
low flow values; and Ill, no change or a decrease in low or 
normal flow values. Type Ill is the only group that would 
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Fig. 3.—A-F, Case 29. Xe/CT scans demonstrate a representative type Ill scan series. 


A shows a baseline CT with low-normai right hemispheric CBF (8) on baseline Xe/CT scans. C displays the CBF data shown in B at a flow threshold of 
20 mi/100 g/min. The post-Diamox {D and E) scans demonstrate decreased CBF from baseline in right and left anterior cerebral and right middle cerebral 
artery territories. F, obtained 48 hr after xenon evaluation, shows massive area of infarction corresponding to region of predicted CBF compromise. 
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include the single patient reported by Vorstrup et al. [21] and 
the group with “misery perfusion” reported by Baron et al. 
[3]. Each of these categories is represented by one or two of 
the cases:described earlier. Case 26 is an example of type I: 
normal baseline CBF that increased significantly after the 
administration of acetazolamide. This patient is typical of 
many patients (13 of 29) we studied who had normal flow 
despite angicgraphic evidence of significant stenosis or 
occlusion. 

Cases 27 and 28 exemplify type Il: diffuse or focal low flow 
in baseline studies but with maintained reserves of CBF as 
demonstrated by the ability to augment flow with acetazol- 
amide. Nise of our 29 patients fell into this group. Although 
angiography suggested that the supply of blood was severely 
compromised in case 27, the patient's retention of blood flow 
reserves suggested that the low flow areas were appropriate 
to the decreased demand. The patient’s absence of further 
symptoms while on anticoagulation therapy in the 6 months 
following this assessment supports our assumption of an 
embolic origin of her symptoms. 

Case 28 illustrates reduced CBF, and presumably reduced 
metabolism, due to deafferentation. Figure 2B shows a region 
with relatively ‘ow flow posterior to the CT-defined infarction, 
despite the relatively normal appearance of this region on the 
CT images. After acetazolamide administration, the flow in 
this area imcreased, providing evidence for adequate availa- 
bility of blood flow, but reduced demand. The presence of a 
larger areaof flow and metabolic disturbance than suggested 
by the CT-defined injury has been widely reported [23]. 

Case 29 represents type Ill, low or normal baseline flow 
values that decreased in a potentially compromised vascular 
distribution after the patient received acetazolamide, despite 
an elevation of CBF in other areas. This finding suggested 
that there is litle potential for collateral flow to the portion of 
the brain that angiography has shown to be supplied prefer- 
entially by the right ICA. If the right ICA were further compro- 
mised, the patient would be at a significant risk of sustaining 
a massive infarct [24]. The patient was scheduled for emer- 
gency righ? carotid endarterectomy but before this could be 
performed, 36 hr after the study, the predictive value of the 
acetazolamide challenge was substantiated by the onset of a 
massive stroke in the territory of the right middle cerebral 
artery (Fig. 3F). Seven (24%) of our 29 patients with significant 
occlusive vascular disease were in this category. 

Despite angiographic and/or noninvasive evidence of sig- 
nificant occiusive vascular disease, 76% of the patients stud- 
ied by Xe/CT CBF had, at rest, flow values that increased 
significantly. with acetazolamide. This finding is consistent with 
earlier reports that emphasize the imprecision of existing 
anatomic methods for predicting hemodynamic compromise 
[5], and is supported by Sullivan et al. [13], who found that 
40% of patients with significant vascular disease on angiog- 
raphy had normal CBF when given an acetazolamide flow 
challenge and studied by Xe-133 scintillation counting. The 
studies of Yorstrup and others along with our own limited 
experience indicate that patients who have type Ill responses 
are those most likely to benefit from medical or surgical efforts 
to augment-CBF delivery. 

Although the international study of extracranial-intracranial 
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bypass operations suggested that flow augmentation proce- 
dures were not of significant clinical benefit [25, 26], a recent 
review of that study suggests that a subgroup of critically 
flow-dependent patients may have been excluded [27]. Our 
experience indicates that the Xe/CT CBF technique combined 
with a challenge of flow reserve is a useful clinical means to 
identify a hemodynamically compromised subgroup of individ- 
uals who may have transient symptoms due to a marginal 
basai level of perfusion that transiently drops to a level 
inadequate to maintain function. Once such persons are 
identified, future studies are needed to define their prognosis 
and determine whether they may benefit from either medical 
or surgical approaches. 

In summary, we believe that Xe/CT CBF measurements 
used with an acetazolamide challenge provide an objective, 
Clinically accessible method of assessing cerebral blood flow 
and blood flow reserve. 
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IV Injection of Air-Filled Human 
Albumin Microspheres to Enhance 
Arterial Doppler Signal: A Preliminary 
Study in Rabbits 














When air-filled human albumin microspheres are injected !V, they have been shown 
to traverse the pulmonary circulation and markedly influence the echogenicity of the left 
atrium and ventricle. We studied the possibility that the microspheres can be used to 
enhance the Doppler signal from systemic arteries and the portal vein. Doppier sonog- 
raphy of the aorta, renal artery, intrarenal branch, and portal vein was performed after 
the IV injection of saline or microspheres in doses of 1.0, 0.5, 0.3, and 0.1 mi in four 
rabbits. With appropriate blinding of the observers, subjective estimates of enhancement 
of the Doppler signal were made in each case. All injections of saline had no detectable 
effect. All four doses of microspheres enhanced the Doppler signal in the aorta in all 
rabbits. Signals from the renal artery enhanced in all rabbits after injections of 0.3 mi or 
greater, but in only two rabbits after 0.1 mi. Although the 1.0-mi dose enhanced the 
Doppler signal from the intrarenal arterial branch in all rabbits, the 0.5- and 0.3-mi:doses 
enhanced signals in two and the 0.1-mi dose in one. The effect was typical for belus IV 
injections. The mean time from injection to onset of enhancement was 5 sec and the 
effect lasted for 12 sec. Portal venous signals were evaluated in three rabbits. Ten 
injections were made, four at 1.0 mi and two at each of the lesser doses. Portal vein 
signals enhanced after all four injections of 1.0 mi of microspheres but after only one of 
the six injections of lower doses. 

Our results show that the IV injection of air-filled human albumin microspheres 
enhances the Doppler signal from systemic arteries and the portal vein and that the 
microspheres have the potential to serve as a contrast agent for Doppler sonography in 
humans. 
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The need for a contrast agent to enhance the Doppler signal from systemic 
vessels has been recognized by a number of authorities [1-6]. Such an agent 
should flow freely through capillaries in order to traverse the lung, be stable long 
enough to persist for the time required to inject the agent and make the images, 
be sufficiently reflective to cause enhancement of the sonographic imace that is 
detectable with conventional equipment, and be nontoxic. 

Stable air-filled human albumin microspheres (Albunex, Molecular Biosystems, 
inc. [MBI], San Diego, CA) has been shown to traverse the lungs in sufficient 
quantity after IV administration to produce striking changes in the echogenicity of 
the left atrium and ventricle [7, 8]. Clinical trials are underway to study the vaiue of 
the microspheres as a contrast agent for sonography of the heart (J. L. Barnhart, 
MBI, personal communication, October 1988). 

The aim of this study was to evaluate the effect of IV administration of various 
doses of microspheres on the Doppler signal from the aorta, renal artery, intrarenal 
arterial branches, and portal vein in rabbits and to determine the dose-response 
relationship. 














Materials and Methods 


A stable preparation of air-filled human albumin microspheres 
(Albunex) processed by sonication of a 5% solution of human serum 
albumin was used. The microspheres ranged in size from 1 to 10 um, 
with 99% of particles smaller than 10 um. The mean size was 5 um, 
which is small enough to pass freely through the pulmonary capillary 
circulation. There were 4 x10 ° particles/mi. Alounex was supplied in 
5-ml vials. 

Four 2- to 3-kg New Zealand white rabbits were sedated with 
intramuscular injections of 35 mg/kg ketamine (Parke-Davis, Morris 
Plains, NJ) and 35 mg/kg xylazine (Miles Laboratory, Elkhart, IN). in 
these rabbits, a femoral vein was exposed and a 20-gauge catheter 
was inserted and advanced to the level of the inferior vena cava. In 
one rabbit, microspheres were administered through a 20-gauge 
catheter placed in an ear vein. The animals were sacrificed at the 
completion of the experiment, and gross necropsy was performed 
immediately. 

Four doses of Albunex, 0.1, 0.3, 0.5, and 1.0 mi, were used. 
Control studies with injections of similar volumes of saline were 
performed in three of the four rabbits. Because the capacity of the 
catheter was 1.0 ml, bolus injections of microspheres were given by 
preloading the catheter with the appropriate dose and immediately 
flushing the catheter with 1.0 ml of saline. The time between any two 
consecutive injections was at least 2-3 min. If a technical failure 
occurred such as a change in the position of the sampling volume, 
or if bowel entered the field of view or activity in the inferior vena 
cava was prolonged, the injection was repeated. In order to ensure 
the integrity of the microspheres, a small dose was injected into the 
inferior vena cava of the rabbit being studied while the heart was 
being viewed. If opacification of the left ventricle was not observed, 
the vial was discarded. 

Duplex sonography was performed with a 5-MHz pulsed-wave 
linear transducer (Acuson, Mountain View, CA). In each rabbit, the 
portal vein, aorta, main renal artery, and an intrarenal arterial branch 
were examined. The selected arteries represented a large, a medium, 
and a small vessel. Each dose of microspheres and each dose of 
saline were given at each site evaluated. For each trial, the Doppler 
signal was optimized, and continuous duplex imaging and videotape 
recordings were obtained for a 10-sec baseline period and a 40-sec 
postinjection period while the transducer was held fixed and without 
further manipulation of imaging or Doppler variables. When the bolus 
injection was given, a cursor was illuminated on the screen that 
marked the end of the injection on the image and video recording. 
The sonographer did not know the type of solution and the volume 
injected. 

Evaluation of the portal vein was possible in three of the four 
rabbits. Ten injections of Albunex were given, four of 1.0 ml and two 
each of 0.5, 0.3, and 0.1 mi. 

The duplex images of each vessel were evaluated for the presence 
and degree of enhancement by two observers who viewed the 
videotape recordings. They had no knowledge of the type of solution 
or volume injected. They rated the degree of enhancement indepen- 
dently by assigning a grade of 0-3 as follows: 

0 = no response, 1 = mild, 2 = moderate, and 3 = marked Doppler 
enhancement. 

Because the time when the bolus injection was given was marked 
on the video recording, it was possible to measure the interval 
between the end of the injection and the onset of arterial Doppler 
enhancement. The duration of enhancement was measured also. 
Mean and standard deviation of the time of onset and duration were 
then calculated. 

The subjective data were examined by using the Friedman analysis 
of variance of ranks at each site with dose and animal as the 
dependent variables [9]. A Wilcoxon sign test was performed when 
the analysis of variance indicated a significant main effect for animal 
or dose. 


Results 


On real-time studies, the microspheres were visualized in 
the inferior vena cava as they were being injected. They 
appeared as tiny echogenic foci that coalesced at larger doses 
and caused acoustic shadowing. Though the activity in the 
inferior vena cava interfered at times with acquisition of Dop- 
pler signals from the aorta and renal artery in these small 
animals, it usually subsided as the arterial Doppler enhance- 
ment became apparent. After IV administration of micro- 
spheres, gray-scale enhancement of cardiac chambers on 
both the right and left sides was observed in all four rabbits. 
Gray-scale opacification of the aorta or any vessel other than 
the vena cava and sonographic enhancement of abdominal 
organs was not apparent at any time during the experiment. 

For all arteries studied in all four rabbits, a total of 48 
Albunex and 36 saline injections were given. Both observers 
gave the same grade for 62 of 84 trials and were one grade 
apart in 21 trials and two grades apart in one. 

Whereas activity in the inferior vena cava was detected 
after saline injections, no detectable Doppler signal enhance- 
ment was observed at any of the arterial sites studied. Dop- 
pler enhancement after administration of microspheres, as 
rated by both observers, was present in 77% of injections 
(Figs. 1-3). At the 1.0-mi dose, a response was present in all 
of the vessels studied in all four rabbits. The Doppler signal 
from the abdominal aorta was enhanced after the injection of 
all four doses of microspheres in all rabbits. Volumes less 
than 1.0 ml produced a less consistent response in arteries 
smaller than the aorta. Whereas the 0.3- and 0.5-ml injection 
of microspheres produced detectable enhancement of the 
Doppler signal sampled from the renal artery in all four rabbits, 
the 0.1-ml dose caused enhancement in only two rabbits. 
Doppler signals from the intrarenal artery branch were en- 
hanced after the injection of 1.0 ml of microspheres in all four 
rabbits. The 0.3- and 0.5-ml doses caused enhancement in 
only two rabbits and the 0.1-mi dose in only one rabbit. 
Whereas the 0.1-ml dose injected into the vena cava en- 
hanced the Doppler signal of the abdominal aorta in all four 
rabbits, a 1.0-mI dose injected into the ear vein of one of the 
rabbits had no effect on signals obtained from the same 
vessel. Doppler signals acquired from the portal vein were 
enhanced after all four injections of 1.0 mi of microspheres. 
Of all six injections of lower doses, only one (0.5 mi) produced 
detectable enhancement (Fig. 4). 

The mean time interval between IV injection of micro- 
spheres to onset of enhancement of Doppler signal was 5 + 
2 sec. The duration of Doppler enhancement was 12 + 4 sec. 
No significant differences in onset or duration of response 
related to the dose given or the vessel examined were seen. 
Once the effect produced by the passage of the bolus of 
microspheres subsided, no effect from recirculation was de- 
tected during the 40-sec postinjection observation period. 

Friedman's nonparametric analysis of variance by ranks 
indicated that the magnitude of Doppler enhancement varied 
significantly with the IV dose of microspheres administered at 
p < .05 in the aorta and p < .001 in the renal artery and 
intrarenal arterial branch. Of all possible pair-combinations of 
doses given, the Wilcoxon test showed a significant difference 
in the degree of enhancement produced by the lowest dose 
and all other doses (0.1 vs 0.3 ml, p < .003; 0.1 vs 0.5 ml, 
p < .006; and 0.1 vs 1.0 mi, p < .004). 
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Fig. 1.-—Euplex sonogram oblique to abdominal 
aorta curved arrow) shows effect of 0.1 mi of 
microspheres on aortic Doppler signal. Note in- 
creased brichtness of velocity waveform when 
microspheres reach sampling volume. Peak effect 
(straight arrew) was at 3 sec after onset. Bright- 
ness returned to baseline 8 sec after onset (not 
shown) 


Fig. 3.-~Lengitudinal oblique sonograms of up- 
per pole of kidney with sampling volume placed 
over smali int:arenal arterial branch show effect of 
1.0 mi cf microspheres. 

A, Baseline Doppler waveform. 

B, Deppler waveform during peak effect. Bright- 
ness returne« to baseline levels a few seconds 
later {not shown), 


No cbvious adverse effects on rabbit cardiovascular func- 
tion were roted after administration of Albunex. Gross ne- 
cropsy revealed no abnormalities of the intrathoracic or in- 
traabdeminal viscera. 


Discussion: 


The Doppler waveform is a display of frequency shift on 
the y-axis (cr velocity of the reflective interfaces [RBCs] if the 
angle between the sound beam and direction of flow is 
known): time on the x-axis, and intensity of the reflected 
signal fom ‘hese interfaces as brightness. IV injection of air- 


Fig. 2.—-Coronai sonograms of left main renal artery (curved arrow) show effect of 0.5 ml of 
microspheres on renal arterial Doppler signal. 

A, Arrival of microspheres to sampling volume causes increased brightness of Doppler tracing 
(right of straight arrow) relative to baseline (left of straight arrow). 

B, Peak effect (straight arrow) occurred 5 sec after onset. Brightness of Doppler waveform 
returned to baseline level in 12 sec (not shown). 





filled human albumin microspheres, which are much more 
reflective than RBCs, produced consistent Doppler enhance- 
ment or increase in the brightness of the waveform. This 
effect was observed when signals were recorded from small, 
medium, or large arteries, represented by an intrarenal 
branch, the main renal artery, and aorta. All doses evaluated, 
0.1-1.0 ml, consistently enhanced the Doppler signa! in the 
aorta. Regardiess of the vessel studied, including the portal 
vein, a 1.0-mi dose was sufficient to reproducibly enhance 
the Doppler signal in this animal model. Although small doses 
resulted in a consistent effect in larger vessels, aorta, and 
main renal artery, larger doses were necessary to enhance 


A 





Fig. 4.—Longitudinal sonograms of portal vein (arrows) show effect of 0.5 mi of microspheres. This was the only injection less than 1.0 mi that was 


effective. 
A, Baseline tracing shows faint Doppler signal. 


8, As bolus of microspheres passed through sampling volume, Doppler signal became markedly bright. 
C, After microspheres exited sampling volume, brightness returned to baseline. 


signals in the small (<1 mm) intrarenal branches. A dose- 
response effect was noted; larger doses produced greater 
enhancement. Whereas 1.0 ml of microspheres was required 
to produce a consistent effect in rabbits, the effective human 
dose for consistent filling of the left ventricle is approximately 
5.0 mi (J. L. Barnhart, personal communication, October 
1988). The 5.0-m! dose might be sufficient for Doppler en- 
hancement in humans. 

The left atrium and ventricle, as has been previously de- 
scribed [7, 8], were opacified when the air-filled human albu- 
min microspheres were injected in the inferior vena cava of 
all four rabbits. The consistent enhancement of Doppler signal 
of arteries and the portal vein suggests not only that the 
microspheres had to survive the splanchnic circulation in 
addition to the pulmonary circulation in the case of the portal 
vein, but that their intravascular half-life was sufficiently long 
to allow their detection several seconds after they traversed 
the left ventricle. However, in the portal vein, which is more 
distant from the site of injection, a larger dose was required 
to produce consistent enhancement. This suggests that either 
the bolus of microspheres became sufficiently dispersed as it 
traveled toward the portal vein, decreasing the concentration 
of microspheres, or the intravascular half-life was short 
enough that only a small population of microspheres reached 
the portal vein. Evidence that existed in favor of the former 
reason was the inability to induce enhancement of Doppler 
signal in the aorta when 1.0 ml of microspheres was given 
through an ear vein. Because the ear vein is distant from the 
central circulation and because it is small, requiring slower 
injection rates, the bolus became diluted as it traveled cen- 
trally. Evidence suggesting that the survival of the micro- 
spheres might be short is the absence of detectable Doppler 
enhancement when the microspheres recirculated back 
through the heart. 

The time between the injection of microspheres and the 
onset of Doppler enhancement and the duration of enhanced 
signal suggest that the response was based mostly on a 
bolus effect. In the rabbit, the ear vein was too small and too 
peripheral to allow the delivery of a compact population of 


microspheres. A central vein had to be used in this animal 
model. 

The first-pass effect of the Doppler enhancement suggests 
the possible clinical uses of Albunex microspheres. Because 
the response is short-lived, the use of microspheres to help 
in the search for vessels or vascular signal will be limited. 
However, when a vessel is visualized and its Doppler signals 
are near the noise level, microspheres, at the proper dose, 
will enhance the signal. Examples of such weak Doppler 
signals include signals from small or deep vessels, vessels 
partially hidden by atherosclerotic plaques, and vessels lo- 
cated in the porta hepatis of patients with severe hepatic 
cirrhosis or fatty infiltration. 

To our knowledge this is the first report describing the 
ability of IV administered microspheres to intensify systemic 
arterial and portal venous Doppler signals. 
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Laser Catheter Thermal 
Angioplasty: Technique and Early 
Results in 34 Patients 





The laser catheter is a nylon vascular catheter with a metal tip that has an end hole 
as well as side holes. The metal tip is heated by laser energy delivered through an 
optical fiber embedded in the catheter wall. The catheter may be advanced over a 
guidewire for use as an adjunct to balloon angioplasty or for use in smaller vassels as 
the exclusive method of recanalization. We used the catheter to treat 34 patients with 
54 discrete vascular lesions in 35 extremities. Twenty patients were treated for Clinically 
significant claudication and 14 for ischemic changes. Laser catheter-~assisted balloon 
angioplasty was used to treat six iliac artery occlusions, two iliac artery stenoses, 10 
superficial femoral artery occlusions, 12 superficial femoral stenoses, four popliteal 
artery occlusions, and three popliteal stenoses. Initial technical and clinical success in 
these patients, with follow-up periods of 3-6 months, was equivalent to the results of 
previous reports of laser probe-~assisted balloon angioplasty. In 11 patients, 15 of 17 
popliteal or tibial-peroneal lesions were treated with the laser catheter without subse- 
quent balloon angioplasty. The treatment was successful in eight of these patients, with 
follow-ups for up to 6 months. 

Our results suggest that the laser catheter is a useful device for the treatment of 
vascular stenosis or occlusion when used either as an adjunct to balloon angioplasty or 
in smaller vessels as the exclusive method for angioplasty. 


AJR 153:617-621, September 1989 


Thermal (hot-tip) laser-assisted balloon angioplasty has been investigated as a 
means of recanalizing vessels and possibly improving long-term patency [1-3]. 
Metal probes on the end of optical fibers are heated by laser energy. These probes 
are passed through atherosclerotic occlusions or severe stenoses. The channel 
that is produced as a result of the thermal effect can then be traversed by a 
standard angioplasty balloon catheter, and conventional dilatation can be per- 
formed. Although thermal recanalization usually is an adjunct to balloon angioplasty, 
it can be used as the exclusive method of establishing an adequate lumen in 
smaller vessels. 

Early thermal probes were difficult to guide through vessels. Recently. a new 
laser catheter (Trimedyne, Santa Ana, CA) was developed that allows true coaxial 
passage of the metal-tipped catheter over a guidewire. The new catheter also 
allows direct injections of contrast material through the distal metal tip. Thus, 
locations of obstructions relative to the catheter tip can be visualized quickly and 
accurately. 

This report concerns our initial clinical experience with the laser catheter in 
treating 54 lesions in 35 limbs in 34 patients both as an adjunct to balloon 
angioplasty (23 patients) and as the sole means of angioplasty in smaller-caliber 
vessels (11 patients). 


Materials and Methods 


Thirty-four patients, 17 men and 17 women, were treated with the laser catheter between 
October 1987 and November 1988. Angioplasty was indicated to control clinically significant 
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claudication in 20 patients, to treat gangrene in six patients, to heal 
ischemic ulcers in five patients, and to relieve rest pain in three 
patients. Sixteen of the 34 patients had diabetes mellitus. Nineteen 
had a history of heavy cigarette smoking. Informed consent for use 
of the laser catheter with or without subsequent balloon angioplasty 
was obtained from all patients. 

Fifty-four discrete lesions were treated in 35 extremities in 34 
patients. Six iliac artery occlusions were present in four patients. Two 
of these occlusions were 1 cm long and were separated by a 4-cm 
patent segment in the same vessel. One patient had bilateral 1-cm 
common iliac artery occlusions. Two patients had single occlusions, 
3 and 8 cm long, respectively. Two patients had severe 1-cm-long 
common iliac stenoses. 

The 10 superficial femoral artery occlusions ranged from 1 to 3 cm 
in six cases and from 4 to 7 cm in four cases. Twelve superficial 
femoral artery stenoses ranged from 1 to 3 cm in eight cases and 
from 4 to 6 cm in the remaining four. 

In 11 patients selected for laser catheter angioplasty without 
subsequent balloon dilatations, 17 popliteal or tibial-peroneal lesions 
were treated. These included six popliteal stenoses—two 1 cm long, 
one 2 cm long, one 7 cm long, and two 12 cm long; six anterior tibial 
artery stenoses—three 1 cm long, two 2 cm long, and one 3 cm 
long; and peroneal artery stenoses—two 3 cm long, one 1 cm long, 
and one 4 cm long. Angioplasty was also attempted in one 4-cm 
posterior tibial artery stenosis. 

Four additional popliteal artery occlusions 1-3 cm long and three 
stenoses 1-2 cm long were treated by laser catheter—assisted balloon 
angioplasty. 

The laser catheter consists of a 7-French nylon catheter with a 
2.5-mm-diameter metal cap attached to the end by metal prongs. 
There is enough flexibility in the catheter to allow a gradual change 
in direction as the catheter is advanced in the iliac and femoral 
circulation. There is not enough flexibility to allow more abrupt 
changes in direction, as would be necessary to enter a renal artery 
or cross over the aortic bifurcation. A 200-«um optical fiber is em- 
bedded in one wail of the catheter and joins the metal cap, with a 
safety wire in the opposite wall welded to the metal cap. The metal 
cap has multiple side holes for injection of contrast material. In 
addition, these side holes facilitate cooling after each period of laser 
heating. The proximal end of the 80-cm catheter has a standard Luer 
lock fitting. The laser fiber is 4.5 m long and exits the catheter shaft 
proximal to the Luer lock fitting to allow junction with the laser. The 
laser system is a 14-W argon laser generator (Optilase, Model 900, 
Trimedyne, Santa Ana, CA). 

Use of the laser catheter requires the placement of a standard 8- 
French vascular sheath. Although the central lumen theoretically 
would allow one to perform the Seldinger technique, the blunt shape 
of the metal cap and the danger of loosening or dislodging the metal 
tip from the catheter shaft requires that a sheath be used. Before 
use, each device is visually inspected to be sure that the metal cap- 
catheter junction is smooth and there is no separation at this point. 
The tip is immersed in water, and laser energy is applied to confirm 
that the device is functioning and that the optical fiber has not been 
damaged. Appropriate safety goggles are worn while testing and 
using all laser devices. 

All patients in this series were pretreated with aspirin, 325 mg per 
day. Patients with lesions of the superficial femoral artery or more 
distal vessels were heparinized, with an initial average dose of 5000 
units. After the procedure, protamine was not used and no further 
heparin was administered. Aspirin was continued on a long-term 
basis. Patients in whom iliac lesions were treated received aspirin but 
were not heparinized during the procedure. 

We reserve use of the laser catheter for those cases in which the 
occlusion or stenosis can be traversed initially by a guidewire. Sten- 
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otic lesions are crossed with a 0.035-in. (0.89-mm) angled steerable 
guidewire (USCI, Billerica, MA) or with an angled polymer-coated wire 
(Medi-Tech, Watertown, MA. or Glidewire, Terumo, Tokyo, Japan). 
Often a 5-French catheter with a gentle 10° distal bend is used in 
conjunction with the guidewire to facilitate the change in direction 
necessary to allow the wire to enter the stenosis. in no case should 
the heated tip be passed over the “Glidewire,” as the polymer coating 
may melt and shred in the vessel when the laser energy is applied. 
Occlusions are usually traversed with a Teflon-coated J wire. In some 
instances, additional support for the wire is provided by a 5-French 
vascular catheter so that greater force may be applied in order to 
cross a dense or calcified occlusion. In four instances a 0.014-in. 
(0.35-mm) steerable guidewire was used to cross anterior tibial 
stenoses. The remaining cases were treated over a 0.035-in. (0.89- 
mm) wire. Once the lesion has been crossed with a Teflon-coated 
guidewire, the laser catheter is advanced to the lesion, at which point 
resistance to further advance is felt and seen fluoroscopically. At this 
point, the laser is activated and the heated tip gently advanced 
through the obstruction. The Teflon coating on the guidewire is not 
damaged by the heated metal probes. Short pulses of 5-10 sec were 
used. The laser catheter is moved to and fro continuously so that 
cooling down is facilitated and no adherence to the vessel wall occurs. 
if an approach over the guidewire is not possible because of failure 
of the guidewire to pass through an occlusion or stenosis, then one 
of the solid metal probes (2.0-mm flex or Spectraprobe, Trimedyne, 
Santa Ana, CA) are used. This was necessary in three patients who 
are not included in the series. 


Results 


In the classification of results we defined technical success 
as improvement in the luminal diameter to less than 30% 
residual stenosis. Clinical success was defined as appearance 
of distal pulses and persistent improvement of 0.15 in the 
Doppler ankle-arm index. 

Six iliac artery occlusions treated in four patients were 
technical and clinical successes after laser catheter—assisted 
balloon angioplasty. One reocciusion 1 month after recanali- 
zation was treated surgically. The remaining five occluded 
vessels remained patent, with a mean follow-up period of 4.6 
months. Treatment of two severe iliac artery stenoses was 
also technically and clinically successful, with a mean follow- 
up of 3 months. 

Ten superficial femorai artery occlusions were treated with 
laser catheter-assisted balloon angioplasty. Treatment was 
technically and clinically successful in eight. There was failure 
to recanalize the vessels in two. One reocclusion 4 months 
after recanalization was treated by femoral popliteal bypass. 
The remaining seven vessels remained patent for a mean of 
5.3 months. Twelve superficial femoral artery stenoses were 
treated. There was initial technical success in 11 patients, 
including one in whom diffuse disease in a small-caliber vessel 
was treated by laser catheter angioplasty only. The one 
technical failure was in a patient in whom the stenosis could 
not be crossed. In another patient, the procedure was a 
technical success but a clinical failure, presumably due to 
poor distal vessels. In the patient in whom the vessel was 
recanalized only by laser catheter, the vessel reoccluded 24 
hr after the procedure. Of the remaining nine patients with 
stenoses and clinically successful angioplasties, seven 


pro essary. 
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treated vesseis remained patent, with a mean follow-up of 6 
months. in two of this group of nine, the treated stenoses 
reocciuded at 5 and 6 months, respectively, and femoral- 
popliteal artery bypasses were performed. 

In 11 patients, 15 of 17 popliteal or tibial-peroneal lesions 
were treated only with the laser catheter (Fig. 1). One 4-cm 
posterior tibia! artery occlusion and one short anterior tibial 
stenasis could not be crossed with the laser catheter, but the 
results in both patients were clinically successful because of 
recanalization of associated popliteal artery lesions. In addi- 
tion, balloon dilatation of the anterior tibial lesion was suc- 
cessful after the laser catheter failure. Initial clinical and hemo- 
dynamic improvement (mean Doppler ankle-arm index in- 
creased C.27) was noted in eight (73%) of 11 patients. 
Treatment in three patients was technically successful, but 
the patients failed to improve clinically because of poor runoff. 
Two of the eight patients in whom treatment was clinically 
successful required femoral-popliteal bypasses because of 
subsequent occlusions of the superficial femoral artery. At 
that time, the distal vessels treated by the laser catheter were 
still patent. Short-term (mean, 6 months) clinical follow-up of 
the eight patients with clinical success is consistent with 
continued patency at the site of laser catheter thermal angio- 
plasty. 

Four additional popliteal artery occlusions and three ste- 
noses were treated by laser catheter-assisted balloon angio- 
plasty; technical and clinical successes were recorded in all 
sever cases, with a mean follow-up period of 5.9 months. 

Twe substantial hematomas occurred at the femoral artery 
puncture site. One required transfusion with two units of 
blood. 

In two instances the metal cap partially separated from the 
catheter shaft (Fig. 2). In no case was there total dislodgment 
or embolization of the metal tip. Two other laser catheters 


Fig. 1.—-Laser catheter angioplasty 
of stenssis of anterior tibial artery. 

A, Pretreatment angiogram shows 3- 
cm stenosis of proximal anterior tibial 
artery (arrows). 

B, Laser catheter is seen following 
guidewrre. 

C, Posttreatment angiogram shows 
marked:imprsvement in size of vessel 
lumen. Balloon dilatation was not nec- 
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were rejected for use because small spaces were present 
between the metal tip and the catheter shaft. 

Two episodes of laser burn-through of the catheter shaft 
occurred after fracture of the optical fiber just proximal to the 
metal cap (Fig. 3). No harm to either patient in the form of 
vessel damage or perforation was documented. 


Discussion 


The laser catheter was designed to allow true coaxial 
passage over a guidewire. In addition, it has the advantage 
of providing a means for local injections of contrast material, 
vasodilators, or other drugs through the metal tip. The advan- 
tage of this new design is apparent when compared with the 
original thermal probes, which were fastened directly to the 
optical fiber. These devices were passed through a vascular 
sheath and advanced to the point of stenosis or occlusion. 
Their major drawback was that they had no mechanism by 
which one could change direction within the vessel lumen. 
This problem was partly solved by welding a wire at the point 
where the probe was bonded to the optical fiber. Thus, by 
gently bending this wire distally, a slight curve at the end of 
the shaft can be achieved. Torquing this modified device then 
results in a change in direction of the probe in the vessel. 
Nevertheless, perforation rates of 4-10% have been reported 
with the solid probes [1, 2]. Further improvement consisted 
of placing an eccentric hole in the solid-metal probe tip. This 
allowed passage of the probe over a guidewire. The relation- 
ship of the probe to the wire with this design is noz optimal 
because the guidewire channel is eccentric. An additional 
problem that all of the solid probes have relates to visualiza- 
tion of their path through the diseased vessel. As these 
probes have no lumen, one must depend on prior fluoroscopic 





620 MITTY ET AL. 





road-mapping, if available, or wait for slow collateral filling 
from a proximal vascular sheath injection to assess the posi- 
tion of the laser probe in the vessel. This may result in a 
critical delay in distal small vessels, where there is the most 
concern about vessel spasm and thrombosis. 

The laser catheter solves most of the shortcomings of 
previous solid metal probes. The central lumen allows pas- 
sage over a guidewire so that the coaxial course in the vessel 
is sure to be maintained. Thus, there were no perforations in 
our patients. In addition, one can inject contrast material 
through the laser catheter and be sure of the location of the 
metal tip, guidewire, and area to be treated. This design of 
the laser catheter requires placing the optical fiber and safety 
wire in the wall of the catheter without substantially compro- 
mising the catheter lumen. This task has been accomplished 
in the 2.5-mm laser catheter, which easily accepts a 0.035- 
in. (0.89-mm) guidewire. Recently, a 1.7-mm laser catheter 
with the same design has become available. 

The major problem related to the physical properties of the 
laser catheter appears to result from the tendency of the 
catheter to flex at or near the point where it is joined to the 
metal cap. This problem is most apparent during fluoroscopy 
when a hard fibrotic or calcified obstruction is encountered. 
Thus, the two instances of partial separation were in lesions 
that were particularly resistant to thermal laser recanalization. 
Although total separation did not occur, there is always a 
danger of dislodging the metal cap. The metal cap-catheter 
interface should be visually inspected before it is inserted in 
the vascular sheath. If there is any separation at this site, that 
particular laser catheter should not be inserted. Small 
amounts of metal cap—catheter separation may not be appar- 
ent during subsequent fluoroscopy. In such cases, during 
withdrawal the metal cap can be caught on the distal rim of 
the vascular sheath causing further separation. This problem 
occurred in one case. For this reason, it is recommended that 
a guidewire be placed through the laser catheter tip if there 
is any resistance while withdrawing the device through the 
vascular access sheath. Use of the guidewire will realign the 
metal cap~catheter relationship and facilitate withdrawal of 
the laser catheter. The manufacturer has indicated that design 
modifications are being made so that the mechanical bond 
between the metal tip and catheter will be more secure. 
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Fig. 2.—Laser catheter separation. 
Correct relationship of metal cap and 
catheter shaft is seen in upper device. 
Metal cap has partially separated from 
catheter shaft in bottom laser catheter. 
Metal prongs and optical fiber also are 
visible (arrow). 


Fig. 3.—Catheter “burn-through.” 
Fracture of optical fiber occurred after 
flexion of shaft while traversing resist- 
ant calcified lesion. Note resultant 
charred hole in catheter (arrow). 


The same tendency to flexion near the metal tip~catheter 
junction was the most likely cause of our two cases of optical 
fiber fracture with secondary catheter burn-through. This 
event became apparent during the procedures by the odor of 
burning plastic. In both instances there was no evidence of 
any adverse effect to the patient. if any undue flexion of the 
catheter shaft occurs, the mechanical and functional integrity 
of the device should be confirmed by visual inspection fol- 
lowed by application of laser energy with the catheter outside 
of the patient and the distal 5 cm in water. Appropriate 
protective goggles must be worn. 

The problems inherent in delivering the laser energy have 
been approached in a variety of ways. Bare fiber devices are 
apt to perforate vessels, particularly when the vessels are not 
straight. This problem has been addressed with centering 
balloons [4, 5], wider angled beams, and computer-assisted 
analysis of the structures in continuity with the fiber [6]. These 
promising systems are under clinical investigation. The hot- 
tip or thermal probe also may represent a compromise by 
converting the laser energy to heat. Experimental evidence 
indicates that thermal probes cause less perforation and 
charring of the vessel wail than do poorly controlled bare fiber 
devices [7]. In addition, thermal probes distribute heat in a 
more circumferential manner than do most bare fibers. This 
circumferential heating effect may be applied more reliably in 
small vessels with a coaxial device like the laser catheter. 
Finally, there is evidence that a smoother intimal surface is 
obtained with thermal angioplasty when compared with bal- 
loon angiopiasty [8]. 

Previous reports have described laser thermal recanaliza- 
tion as an aid to balloon angioplasty because it provides 
channels through lesions that might not be crossed by con- 
ventional guidewire and catheter techniques [1-3]. in addition, 
Sanborn et al. [2] reported that cumulative 1-year patency 
rates with laser-assisted balloon angioplasty may be better 
than with conventional balloon angioplasty in the femoropop- 
liteal vessels. As yet, no controlled trials have been under- 
taken comparing laser-assisted balloon angioplasty and 
standard balloon angioplasty. Our early experience with laser 
catheter—assisted balloon angioplasty is similar to that re- 
ported by those using conventional solid probes. We have 
had technical success using the laser catheter as an adjunct 
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to balicon angioplasty in six iliac occlusions, two iliac steno- 
ses, eight of 10 superficial femoral artery occlusions, 11 of 
12 superficial femoral artery stenoses (includes patient treated 
by laser catheter only), four popliteal artery occlusions, and 
three popliteal stenoses. Our follow-up period has been short, 
but itis unlikely that use of the laser catheter will result in 
better patency rates than solid thermal probes of the same 
diameter used as an adjunct to balloon angioplasty. The major 
advantage of the laser catheter is its reliable coaxial relation- 
ship te the guidewire and its use as a direct route for injecting 
contrast material or vasodilating drugs at the level of a lesion. 
The coaxial passage of the catheter over a guidewire allows 
advancement through small vessels with confidence. Thus, 
we were successful in 11 other patients in our series in 
opening 15 of 17 popliteal and infrapopliteal lesions solely 
with laser thermal angioplasty using the laser catheter. Clinical 
success was achieved in eight of these patients, with a mean 
patency of 6 months. These results lend support to the 
concept of exclusive thermal recanalization with this device. 
The results presented here support the feasibility of the laser 
catheter as a useful clinical device. Controlled trials and long- 
term follow-up in a larger group of patients must follow. The 
possibility of thermal angioplasty without balloon angioplasty 
in larger vessels awaits the development of larger-diameter 
devices for percutaneous and/or intraoperative use. Other 
laser devices may become available for recanalization when 
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the problems inherent in maintaining the intraluminai position 
of the beam are solved. 
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George Patrick Genereux, 1935-1989 





Canada lost one of its most skilled pul- 
monary radiologists, a man of world-class 
accomplishments, on April 10, 1989. 

George Patrick Genereux was born in Sas- 
katoon March 1, 1935, the son of A. G. 
Genereux, a highly respected Saskatoon 
ophthalmologist. George was an outstanding 
athlete, especially in baseball and hockey. A 
talent scout from the Toronto Maple Leafs 
tried to enlist him for one of their junior teams 
in Ontario. But his greatest achievements 
were in trap shooting, culminating, when he 
was 17 years old, in a gold medal at the 1952 
Olympic Games at Helsinki, Finland. He won 
the Lou Marsh Memorial Trophy as Canada’s 
outstanding athlete that year. 

George achieved world-class stature once 
again in his chosen field of diagnostic radiol- 
ogy. He obtained his B.A. from the University 


of Saskatchewan and his M.D. from McGill 
University. He studied pathology for 1 year 
at St. Paul's Hospital, Saskatoon, and did his 
postgraduate training in radiology at the Uni- 
versity of Minnesota Hospitals in Minneapolis 
and the Roya! Victoria Hospital in Montreal. 
At the Royal Victoria, he became a protégé 
of the head of the radiology department, R. 
G. Fraser, who was then writing the first 
edition of the world’s definitive and best- 
selling four-volume textbook on chest radiol- 
ogy, Diagnosis of Diseases of the Chest. 

George’s professional career was based 
at the University Hospital in Saskatoon, 
where he began as a lecturer in 1966. Be- 
cause of his outstanding scientific contribu- 
tions, including “best article of the year” in 
1968 and 1970 in the Journal of the Canadian 
Association of Radiologists, the University of 
Saskatchewan quickly promoted him to as- 
sistant professor in 1968, associate profes- 
sor in 1971, and professor in 1974. 

George had unusual perceptual skills that 
enabled him to see and interpret subtle find- 
ings on a chest radiograph that would lead 
to a specific, correct diagnosis. As an inter- 
preter of plain chest films and CT scans, he 
had few competitors anywhere. George 
made an important contribution to the train- 
ing of radiology and respirology residents, 
but his teaching to medical students was 
often somewhat above their level of under- 
standing. During his career, he wrote six 
book chapters and more than 20 scientific 
papers. 

His carefully prepared talks, with superb 
pathologic-radiologic correlation, were much 
in demand. He was a visiting professor at the 
Universities of British Columbia (twice), Cal- 
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gary, Manitoba, Western Ontario, Toronto, 
and McGill, as well as at the Universities of 
California, Los Angeles, and Alabama. He 
was a featured speaker at lecture courses at 
the Universities of Washington, Minnesota, 
and California, San Francisco; at the Nova 
Scotia Association of Radiologists; the As- 
pen Radiological Conference; and the Mexi- 
can Society of Radiology. George was a 
member of the Fleischner Society, a select, 
worldwide group of physicians devoted to 
the study of chest disease. Beginning in 
1971, he made outstanding annual presen- 
tations to this group, meeting in Williams- 
burg, Boston, London, San Diego, San Fran- 
cisco, Miami, Stockholm, New Orleans, Vi- 
enna, Santa Fe, New York, and Washington. 
This culminated with the honor of giving the 
prestigious Fleischner Lecture at San Fran- 
cisco in 1987: Computed Tomography of 
Diffuse Pulmonary Disease: State-of-the Art.” 

The sad side of the story is that, beginning 
in 1952, George had continuous pain 
throughout his spine and in many of his major 
joints from unremitting ankylosing spondyli- 
tis. in his last year, he was able with difficulty 
to summon sufficient energy to spend several 
hours a day working on the third edition of 
Diagnosis of Diseases of the Chest, of which 
he was now a coauthor. He saw volume 1 
appear in 1988 and volume 2 early in 1989. 
Volume 3 is in press, and volume 4 is in 
preparation. These four volumes will be his 
memorial. He is survived by his son, George, 
and his daughter, Andrea. 


C. Stuart Houston 
University Hospital Saskatoon, 
Saskatchewan S7N 0J8, Canada 
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Dissecting Renal Artery Aneurysm: Treatment with an 


Endovascular Stent 


W. P. Th. M. Mali,’ G. G. Geyskes? and R. Thaiman® 


Treatmert of renal artery stenosis by percutaneous trans- 
lumina! angioplasty has gained widespread acceptance [1]. 
The methoc is relatively easy and safe, and the technical and 
Clinical yesuits are generally good. Certain patients, such as 
those with.atherosclerotic stenoses at the origin of the renal 
arteries [2] anc children with certain renal artery stenoses 
[3], have arteries that are difficult to dilate. New endovascular 
methocs would be useful in these cases. Recently we en- 
countered a hypertensive patient with renal artery stenosis 
due tœ a dissecting aneurysm in whom the angiographic 
results from percutaneous transluminal angioplasty alone 
were unsatisfactory. Placement of an endovascular stent 
corrected the stenosis and resulted in partial thrombosis of 
the aneurysm. 


Case Feport 


A 58-year-old man had been in good health until he experienced 
severe headache 2 months before presentation. His blood pressure 
was 230/130:mm Hg at admission. A renogram showed 83% of the 
renal furctior in the left kidney and 17% in the right kidney. An 
angiogram showed a small right kidney with a spontaneous dissecting 
aneurysm of ‘he renal artery, which caused severe stenosis of the 
lumen (Fig. 14). The abdominal aorta showed no signs of atheroscie- 
rosis. Aler cDtaining informed consent, we planned to dilate the 
stenosis: and. if this proved impossible, to place an endovascular 
stent. During the procedure, the stenosis could be passed easily and 
dilatation witha 5-mm balloon was done without significant improve- 


ment of the stenosis. Next, an endovascular stent of the Wallstent 
type (Medinvent AG, Zurich), with 5.5-mm diameter and a length of 
25 mm, was inserted. This self-expanding stainless steel stent was 
loaded on a 5-French catheter and was advanced easily into the renal 
artery. An angiogram showed a widely patent lumen of the renal 
artery, but there was still filling of the aneurysm (Fig. 1B). The next 
day, the patient was normotensive without antihypertensive medica- 
tion. The renogram now showed 25% function in the right kidney. 
Ten days after the procedure, a follow-up angiogram showed that 
the lumen was still patent and the aneurysm was almost completely 
thrombosed (Fig. 1C). The patient remains normotensive. 


Discussion 


Although references to endoluminal stenting can be found 
dating from the 19th century [4], it was not until 1969 that 
Dotter reported the use of endovascular stents in canine 
arteries [5]. Experiments in animals in the 1980s showed that 
high patency rates could be achieved in healthy vessels [6]. 
One of the first clinical reports appeared in 1987 [7]. It is still 
too early to make any judgment on the efficacy of stents 
given the limited experience and the enormous spectrum of 
potential indications both in the vascular and nonvascular 
systems. On the basis of the animal data, it appears that the 
purely mechanical function of the stent for supporting dis- 
sected healthy tissue should be straightforward and highly 
beneficial. The flow in the renal artery is generally high and 
the diameter of the artery favors a low risk of thrombosis or 
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Fig. 1.—A, Selective angiogram of right renal artery shows dissecting aneurysm and intimal flap causing marked narrowing of lumen. 
B, Selective renal angiogram after stent placement shows that normal lumen has been restored. Aneurysm is still visible. 
C, Selective angiogram made 10 days after stent placement shows patency of lumen has been maintained. Aneurysm is now nearly completely 


obliterated. 


excessive intimal hyperplasia. Although percutaneous trans- 
luminal angioplasty of the renal arteries is a highly successful 
procedure, it is well known that dissecting aneurysms in the 
renal artery can result from guidewire or catheter manipula- 
tions and can acutely occlude the artery. In such cases a 
stent could be of value. 

In our patient, a dissecting aneurysm occurred in the renal 
artery. Arteries with dissecting aneurysms cannot be dilated 
easily, because the intimal flap falls back into the lumen as in 
our case. This lesion also could have been treated with bypass 
surgery or reimplantation of the kidney in the pelvis. Apart 
from being a major operation, such treatment had a high 
complication rate because the kidney was relatively small 
(17% of the renal function was on this side). Consequently, 
after the unsuccessful dilatation with a 5-mm balloon, the 
stent was used. As expected, the lumen of the renal artery 
increased considerably and the aneurysm remained, although 
decreased in size. The stent pushed the intimal flap partly 
into the aneurysm, but retained its preselected diameter of 
5.0 mm. Because the aneurysm was excluded from the 
circulation, it nearly completely thrombosed. Stent placement 


appears to be a simple and effective approach to the treat- 
ment of dissecting aneurysms of the renal artery. 
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Case Report 





Knee Amputation Stump 


~ Balloon Occlusion of a Pseudoaneurysm in a Below-the- 


J. Bayne Selby, Jr.,’ Gloria M. Bittner,’ Charles J. Tegtmeyer,’ and Curtis G. Tribble? 


Embalotherapy is now well established for the treatment of 
aneurysms, arteriovenous malformations, arteriovenous fis- 
tulas, tumors, and uncontrollable hemorrhage [1, 2]. Materials 
used for embolization include Gelfoam (Upjohn, Kalamazoo, 
Ml) and:other particulate matter for small vessels and coils or 
balloons for larger vessels. In particular, the use of detachable 
balloons for embolization has gained rapid acceptance in the 
past decade [3-5]. Their use has been primarily in the treat- 
ment of pulmonary arteriovenous malformations and varico- 
celes and in interventional neuroradiology. We present a case 
in whick a detachable balloon was used to treat a pseudo- 
aneurysm of the popliteal artery. 


Case Report 


A 68-year-old man with diabetes was admitted to the hospital 
because of pain and swelling in the stump of his right leg. He had 
had bilateral amputations below the knee 18 months earlier. His 
rehabilitation had been successful, and before admission he had been 
walking with the aid of prostheses. One month before admission, he 
was treated at another hospital for an apparent infection of the stump. 
His sympioms persisted, and on the day before admission a pulsatile 
mass was noted behind the knee. A sonogram showed a large 
pseudoaneurysm arising from the distal popliteal artery with rapid 
flow into =. Arteriography showed a pseudoaneurysm approximately 
9 x 10 cm arising from the mid popliteal artery (Figs. 1A and 1B). 
Ligation cf the popliteal artery was considered, but because the risk 
of stump necrosis was high, balloon occlusion was attempted. An 
antegrade puncture was made into the right common femoral artery 
and a 9-French guiding catheter was placed into the proximal super- 
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ficial femoral artery. A 2-mm detachable balloon (Becton Dickinson & 
Co., Franklin Lakes, NJ) was injected through the guiding catheter 
and intc the pseudoaneurysm. The balloon then was withdrawn until 
it just occluded the tip of the popliteal artery. In order to minimize the 
risk of inadvertent detachment of the balloon, a blood pressure cuff 
was placed around the thigh to occlude arterial flow before the balloon 
was inflated. After the balloon was inflated (Fig. 1C), the blood 
pressure cuff was deflated, and contrast material was injected 
through the guiding catheter. This showed complete occlusion of the 
distal popliteal artery with no filling of the pseudoaneurysm. Place- 
ment of the balloon was such that no collateral branches of the 
popliteal artery were occluded. The balloon was then detached suc- 
cessfully. A second injection of contrast material confirmed that the 
balloon had not moved and was still occluding the vessel (Fic. 1D). 

After the procedure, the stump decreased markedly in size. but no 
evidence of ischemia was seen. The patient became asymptomatic 
and was discharged on the seventh day after embolization. At follow- 
up 2 months later, the stump remained free of infection or necrosis. 
A sonogram showed localized thrombosis in the mid popliteal vein. 
No treatment was indicated. 


Discussion 


The use of balloon embolotherapy has increased remarka- 
bly in recent years. It is now standard treatment for carotid 
cavernous fistulas, pulmonary arteriovenous malformations, 
varicoceles, and many intracranial aneurysms and arteriove- 
nous malformations. Balloons also are frequently used in 
conjunction with coils to control bleeding from large vessels. 
Although our case is somewhat unusual, it is presented to 
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Fig. 1.—Balloon occlusion of a pseu- 
doaneurysm in a below-the-knee am- 
putation stump. 

A, Lateral view of knee. Early phase 
of popliteal arteriogram shows rapid 
flow from distal popliteal artery into 
pseudoaneurysm. 

B, Later phase shows large size of 
pseudoaneurysm. 

C, Balloon has been inflated in pop- 
liteal artery just proximal to pseudo- 
aneurysm but has not yet been de- 
tached. 

D, Follow-up arteriogram shows no 
filling of pseudoaneurysm but good 
perfusion to remainder of stump. 





D 


show yet another application of this technique. Surgical liga- 
tion was thought to be an unacceptable risk. Primary consid- 
erations in placement and detachment of the balloon included 
avoiding premature release of the balloon and positioning the 
balloon properly to maximize survival of the stump. 

We thought that inadvertent early release of the balloon 
might be a problem because this was a high-flow system. 
The balloon is at highest risk for premature release during 
inflation and before it has approximated the walls of the vessel 
[1]. To minimize this possibility, we placed a blood pressure 
cuff around the thigh. Once the balloon was in proper position, 
the cuff was inflated to occlude arterial flow. Then the balloon 
was inflated until it completely filled the vessel lumen. The 
blood pressure cuff was slowly deflated while the balloon was 
observed fluoroscopically. No movement of the balloon was 
noted, indicating that it was anchored satisfactorily. 

Despite the technical success of the procedure, our major 
concern was that the popliteal artery would thrombose prox- 
imal to the balloon, causing ischemia to the stump. To mini- 
mize this risk, we placed the balloon at the very tip of the 
native popliteal artery below the collateral branches shown 
on the diagnostic arteriogram. Follow-up arteriography after 
detachment of the balloon confirmed that all collateral vessels 


were patent. In this regard, the balloon has a theoretical 
advantage over other types of occlusive material because it 
seems to induce less of a foreign-body reaction in the vessel. 
Barth et al. [6] showed experimentally that balloon occlusion 
was similar to surgical ligation, with only a thin thrombus 
covering the ends of the balloon. 

The large size of the pseudoaneurysm precluded placement 
of the balloon directly into it. Glanz et al. [7] tried to thrombose 
a pseudoaneurysm in the common femoral artery by packing 
it with coils. The initial result was good, but within 24 hours 
the pseudoaneurysm had enlarged. Occlusion of the feeding 
vessel proximal and distal to the pseudoaneurysm was suc- 
cessful subsequently. No distal continuation of the popliteal 
artery occurred in our case, so only occlusion proximal to the 
pseudoaneurysm was necessary. 

Clinically, the stump showed no evidence of ischemia during 
the succeeding week and, in fact, showed marked improve- 
ment as evidenced by symptomatic relief and reduction in 
size. The stump showed no evidence of vascular insufficiency 
at the 2-month checkup. 

Although this exact situation is unusual, many similar ap- 
plications for balloon embolotherapy are not realized routinely. 
This form of treatment should be considered whenever spon- 
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taneous, congenital, traumatic, or iatrogenic pseudoaneu- 
rysms or arteriovenous fistulas are encountered. Accurate 
percutaneous placement can be accomplished, thereby spar- 
ing the patient a more invasive and often more risky surgical 
procedure. 
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Diagnostic Significance of 
Interslice Gap and Imaging 
Volume in Body MR Imaging 





Thin interslice gaps and large imaging volumes are detrimental to MR signal and 
contrast, especially when the body coil is used. To show the influence of these two 
factors on fat and water signal and contrast, we performed a series of in vitro experi- 
ments. A cylinder filled with water and another filled with oil were imaged transaxially 
(TR = 2000 msec; TE = 20 and 70 msec) with different interslice gaps (0-150% slice 
thickness). A series of images was obtained to cover a 40-cm imaging volume. Increasing 
interslice gap thickness increased water signal without affecting fat signal, resulting in 
a decrease in fat/water contrast on TE = 20 msec (less T1-weighting) and increasing 
contrast on TE = 70 msec (more T2-weighting). Contrast nearly doubled when the 
interslice gap was increased from 10% to 75%. As slices moved away from the central 
slice, fat and water signals decreased slowly to 12.5 cm off center. Signal loss was 
significant with offsets greater than 12.5 cm. 

These results emphasize that to obtain proper contrast on T2-weighted images, the 
optimal interslice gap should be used and the region of interest should be near the 
central slice. Otherwise, images should be interpreted with caution. 
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The detection and characterization of lesions by MR imaging are dependent on 
both spatial and contrast resolution [1-3]. Most publications have addressed the 
issue of optimizing the repetition and echo times (TR and TE) to maximize contrast 
between lesion and background tissue on the basis of differences in T1 and T2 [4, 
5]. However, two frequently overlooked variables interfere with contrast: the 
interslice gap and the slice position relative to isocenter (best position within the 
magnet when the center of the imaged volume is positioned) [6]. When the 
radiologist is looking for small lesions, it is tempting to use thin interslice gaps to 
avoid missing the lesion. This could be detrimental to contrast (Fig. 1). It is also 
tempting in body imaging with transaxial images to use large imaging volumes in 
order to cover the region of interest and the other parts of the abdomen and/or 
pelvis, potentially placing tissues that require characterization at one end of the 
imaged volume or the other. Increased distance from isocenter can substantially 
affect the signal-to-noise ratio and therefore the contrast resolution (Fig. 2). 

Although the physical principles behind these effects are well understood, their 
importance is commonly overlooked in practice. We performed in vitro experiments 
designed to highlight the effect of these factors on MR images. 


Materials and Methods 


A phantom was constructed consisting of two parallel tubes 2.5 cm in diameter, one filled 
with vegetable oil and the other filled with water, submerged in a water bath. The phantom 
was positioned in the magnet parallel with the static magnetic field. A 1.5-T Signa system 
(General Electric, Milwaukee, WI) equipped with a quadrature body coil and 3.0 software was 
used. Thirteen transaxial series were obtained: 2000/20, 70 (TR/TE), four excitations, 30-cm 
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field of view, 256 x 128 matrix, and 10-mm slice thickness. Series 
1-11 were obtained with different interslice gaps (0-150% slice 
thicknesses or 0-15 mm) and the same central 12-cm imaging 
volume. The 12th series was obtained over the same volume with 
interleaved slices. This series required twice the time because two 
series are done automatically by the system, with one series offset 
by one slice thickness from the other. The 13th series used the same 
variables as before but imaged a 40-cm volume with 10-mm interslice 
gap. The signal intensity of fat and water on the central slice was 
measured for series 1-12 and all images of series 13. Fat/water 
contrast was calculated as 100 x (fat intensity — water intensity)/(fat 
intensity + water intensity). 


Results 


The effect of interslice gap on fat and water signal and 
contrast is shown in Figure 3. Although the change in interslice 
gap had no effect on the fat signal, it resulted in a sigmoid 
response for the water signal. This increased with increasing 
gap and reached a plateau at 75% slice thickness. The fat/ 
water contrast decreased with increasing interslice gap when 
TE was 20 msec and increased when TE was 70 msec. The 
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Fig. 1.—T2-weighted MR images 
(3000/70, 256 x 128 matrix, two exci- 
tations) of adrenal metastasis. Lesion 
was not present on a CT study obtained 
2 months before MR. 

A, On 20% interslice gap, adrenal 
lesion (arrow) is slightly brighter than 
liver but darker than surrounding fat. 

B, On 50% interslice gap with all 
other imaging parameters unchanged, 
lesion (arrow) is markedly brighter than 
liver and nearly isointense relative to 
fat, indicating more T2-weighting than 
in A. 


Fig. 2.—T2-weighted MR images 
(2000/70, 256 x 128 matrix, four exci- 
tations) of a presumed liver heman- 
gioma. 

A, On slice location 11 cm cephalad 
from isocenter located at mid pelvis, 
lesion (arrow) is poorly defined and 
mildly brighter than liver. 

B, On slice location 8 cm caudal to 
isocenter located at mid liver, lesion 
(arrow) is markedly brighter than liver, 
compatible with hemangioma, and im- 
age is sharper. 


contrast nearly doubled when the interslice gap was increased 
from 10% to 100% slice thickness. As anticipated, the inter- 
leaved technique resulted in signals identical to those ob- 
tained with a 100% interslice gap. 

For both fat and water, signal intensity decreased progres- 
sively with increasing distance from isocenter (Fig. 4). Al- 
though signal loss was less than 10% for the central 25-cm 
imaging volume, slices outside this volume showed substan- 
tial deterioration in signal for both fat and water. 


Discussion 


MR images rely on differences in T1, T2, and hydrogen 
density among tissues to display contrast based on the TR 
and TE used. Variations in TR and TE have been exploited 
to maximize contrast. However, other variables also affect 
contrast. These include the field of view, slice thickness, and 
matrix. Less intuitive and less often considered are two 
additional variables: the interslice gap and the distance from 
isocenter. 

The effect of interslice gap on MR signal has been exten- 
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Fig. 3.—-Grapks show effect of interslice gap on signal intensity and 
fat/water contras? 

A, Signal intensity of fat and water imaged with TR = 2000 msec and 
TE as showr. Note that whereas signal remains constant for fat (material 
with short T"), it increases with increasing gap for water (material with 
long T1). 

B, Contrast between fat and water calculated from signa! shown in A. 
Note that contrast decreases on TE = 20 msec and increases on TE = 70 
msec because signal becomes less T1-weighted with increasing gap. 


sively reviewed (7-9). In brief, the 90° and 180° RF pulses 
used in most pulse sequences are slice-selective. These 
pulses ideally should result in a square slice profile so that 
protons located near or outside the slice of interest remain 
unaffected. However, because the slice profiles are not really 
square, they do affect neighboring slices. This phenomenon 
is called crass-ialk and is worse for the 180° pulse because 
it lasts twice as long as the 90° pulse. If protons affected by 
cross-talk are incorporated into adjacent slices, they will 
influence signal and contrast. This occurs because hydrogen 
nuclei affected by cross-talk experience an RF pulse before 
their schedaled time, shortening their effective TR. A shorter 
TR decreases signal, increases T1-weighting, and therefore, 
decreases »elative T2 contrast. As cross-talk decreases by 
increasing the gap, contrast becomes less T1-weighted. 
Cross-talk decreases contrast at short TE and increases 
contrast at ong TE times (Figs. 1 and 3). 

Also shown in this study is the effect of distance from 
isocenter or signal. This phenomenon has important clinical 
implications. particularly in body imaging when frequent at- 
tempts are mace to cover a large imaging volume on trans- 
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Fig. 4.—Graph shows effect of distance from isocenter on signal. Note 
that fat and water signals decrease on slices farther from isocenter. 
Degrees of signal loss for fat and water were similar for the central 26-cm 
volume, so contrast should not be significantly affected but contrast-to- 
noise ratio should decrease. 


axial series. Although the advantage of a large imaging volume 
is obvious, as distance increases from isocenter the signal- 
to-noise ratio decreases and so does contrast resolution 
(Figs. 2 and 4). Attempts at interpreting contrast should be 
done with caution if evaluated on slices distant from isocenter. 
In our in vitro experiment, this loss was nearly 35% when the 
slice was 20 cm away from isocenter. On transaxial series 
the central slice of the imaging volume is advanced automat- 
ically to isocenter where the RF power is adjusted to achieve 
optimal tip angle over the whole slice to maximize signal. The 
RF power is less than optimal for slices away from the center 
slice because of RF and magnetic field inhomogeneity that 
yield less than or greater than 90° tip angle and therefore 
less signal. Our experiment used a homogeneous medium 
that kept magnetic field inhomogeneity to a minimum. In 
human subjects, tissues with markedly different magnetic 
susceptibilities are included in the imaging volume, and 
greater inhomogeneity is expected, yielding more complex 
results than observed in our experiment (Fig. 4). 

Although cross-talk occurs in all systems, the interslice gap 
at which maximal signal is achieved may vary. This was at 
75% slice thickness on our system. Similarly, all systems 
experience signal falloff from isocenter; however, the maxi- 
mum imaging volume (volume over which signal loss will be 
less than 10%) may vary. This maximal volume on our system 
was 25 cm when the body coil was used. The phantom and 
the imaging protocol described here are simple. Further, this 
study evaluated the influence of slice position in the axial 
direction. Signal falloff may be steeper in the sagittal and 
coronal directions [10]. Therefore, it is important to determine 
the effect of cross-talk and slice position on contrast as part 
of quality assurance. Ideally this should be done before the 
precise signal intensity ratio is defined that discriminates 
benign from malignant lesions. 

The effect of interslice gap and slice position on contrast is 
similar on all MR systems. However, the exact relationship of 
signal to these two variables presented above is unique to 
the equipment used here. 
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When contrast is critical for discrimination, a single slice 
obtained over the lesion is the ideal solution. However, as 
this is not practical, the lesion should be positioned as close 
to isocenter as possible, and a large interslice gap should be 
used. 
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Meeting News 





American Roentgen Ray Society: 89th Annual Meeting, 


May 1989 


The 89tn annual meeting of the American Roentgen Ray 
Society was held May 7-12, 1989, at the New Orleans Hilton 
Hotel, New Orleans, LA. Approximately 200 scientific pre- 
sentations: over 400 instructional courses, and a wide selec- 
tion af scientific and technical exhibits were available to the 
2700 attendees. This year’s categorical course was on geni- 
tourinary radiology and the topic of the Friday morning sym- 
posium wes gastrointestinal radiology. 

This review of the 1989 ARRS meeting is intended to pro- 
vide readers with a short summary of most of the scientific 
papers presenied at the meeting. Unfortunately, page limita- 
tions co nct allow coverage of all presentations or an analysis 
of them. 


Mammography 


The scientific session on breast imaging included papers 
on three main topics: breast localization and aspiration cytol- 
ogy, implications of breast augmentation, and breast imaging 
technique. B. D. Fornage of Houston, TX, reported success 
in obtaining diagnostic fine-needle aspirates of nonpalpable 
breast lesions by using sonographic guidance. Diagnoses 
based:on aspirates obtained in the 38 patients had an overall 
sensitivity of 94%. The value of sonographic guidance was 
emphasized, including the unique capability of sonography to 
confirm precisely the entry of the needle into the lesion. Two 
other papers also concerned localization of nonpalpable le- 
sions through the use of stereotaxic guidance. Laurie L. 
Fajarcp frem Tucson, AZ, presented impressive results with 





aspiration cytology performed under stereotaxic guidance in 
61 patients with 46 benign lesions and 15 carcinomas. All of 
the aspirates obtained were regarded as adequate. Six of the 
carcinomas produced aspirates diagnosed as malignant, 
three as suspicious, two as atypical, two as probably benign, 
and two as benign. Christopher R. B. Merritt of New Orleans, 
LA, presented initial results in 50 patients with a prototype 
stereotaxic guidance device. All lesions were localized with 
an average accuracy of less than 5 mm and an average time 
for localization of less than 25 min. 

The implications of breast augmentation on mammographic 
detection of carcinoma was discussed in two papers. Jill 
Liebman and Beth D. Kruse of Atlanta, GA, reviewed mam- 
mographic findings in 12 patients who developed breast 
carcinoma after augmentation mammoplasty. Ten cf the 12 
patients with cancer had suspicious mammograms and one 
patient had a cancer detected with sonography. Cancer stag- 
ing indicated that patients with breast augmentation did not 
have a more advanced stage of cancer than patients without 
augmentation. The sensitivity of mammographic detection of 
cancers after augmentation was considerably less in the 
paper presented by K. P. Douglas of New Orleans, LA. In this 
study, only two of six cancers were seen on mammograms. 
Both authors noted that the cancers that developed in women 
with implants were not more advanced than those in the 
normal population and emphasized the importance of special 
mammographic techniques to optimize visualization of breast 
tissue after augmentation. 


Editcr's nc.e.— “Meeting News” articles will report the highlights of important national radiology meetings on a regular basis. The intent is to provide Journal 
readers with succinct, substantive, and accurate reviews of topics of current interest—written in a readable fashion and published promptly. 

The articles will not undergo the peer review usually required of AJR publications nor wiil they offer a critique of the information provided. The sole purpose of 
the series is te apprise AUR readers of topics of current concern in an interesting and timely fashion. 

| thask Horacio B. D'Agostino, Amy Beth Goldman, Peter Hahn, Eric K. Lang, Christopher R. B. Merritt, William D. Middleton, Mark D. Murphey, Charles A. 
Rohrmann, Emst Rummeny, David D. Stark, Franklin N. Tessler, Rudi F. Thoeni, Eric vanSonnenberg, and Robert L. Vogelzang for contributing to this summary. 
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The follow-up evaluation of patients after tylectomy (lump- 
ectomy) and radiation treatment was the subject of a paper 
by Arlene Baratz and colleagues from Pittsburgh, PA. Recur- 
rent carcinoma after radiation treatment was evaluated in 25 
patients, and the problems of differentiation of recurrence 
from posttreatment changes were discussed. All but one of 
the recurrences had the same pathology as the original can- 
cer, and two thirds of the recurrences were in the site of the 
original tumor. A baseline mammogram 6 months after treat- 
ment was suggested to aid in the early identification of 
recurrence. 


Gastrointestinal Radiology 


W. E. Torres and colleagues, Atlanta, GA, reviewed 67 
patients who underwent biliary extracorporeal shock-wave 
lithotripsy (ESWL) done under the Dornier protocol for relative 
contributions of sonography and oral cholecystography (OCG) 
in determining the number and size of gallstones. Sonography 
was equal to OCG in determining stone number in 52 of 67 
patients, sonography showed fewer stones than OCG in 11 
patients, and sonography showed more stones than OCG in 
four patients. The mean size determined by OCG was greater 
than that on sonography. They concluded that OCG is better 
than sonography in evaluation of patients for lithotripsy be- 
cause it can be used to evaluate gallbladder function and to 
determine the number of stones. 

Joseph E. Bernstein of Chicago presented a postmortem 
study in which 20 cadavers had sonographically guided trans- 
hepatic puncture of the gallbladder to determine the frequency 
with which the gallbladder was entered through the extraper- 
itoneal portion of the gallbladder (bare area) and to determine 
anatomic correlates of success. Despite the transhepatic 
puncture, only 32% of entries were through the bare area, 
52% did not enter the gallbladder through the bare area, and 
the remainder (16%) entered through the free surface of the 
gallbladder. It was noted that guidewire dislodgement oc- 
curred more frequently when the bare area was not entered. 
A transhepatic entry site also occasionally yielded potential 
complications. Anatomic correlation was attempted to define 
the measurements of the bare area and to determine whether 
or not sonography or CT could visualize it well. No consistent 
measurements of the bare area were obtained because it was 
variable and no CT or sonographic landmarks were found to 
identify the bare area. Dr. Bernstein and colleagues concluded 
that transhepatic gallbladder puncture frequently does not 
enter the gallbladder in the bare area, but they believe that 
transhepatic puncture does stabilize the gallbladder for per- 
cutaneous intervention. 

R. G. Gibney of Vancouver, Canada, discussed the results 
of a study of gallstone recurrence after cholecystolithotomy. 
Sixty-three patients treated with cholecystolithotomy were 
followed up for 2-48 months. Forty-eight patients had ade- 
quate follow-up. There was recurrence in 27% (13/48). How- 
ever, most patients (10/13) with recurrent stones were 
asymptomatic; only two of 13 had symptoms. The results 
confirm a relatively high frequency of stone disease recur- 
rence. The absence of symptoms leads Dr. Gibney and col- 
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leagues to conclude, however, that cholecystolithotomy need 
not be followed by routine interval cholecystectomy in high- 
risk patients. 

J. H. Oldershaw of Boston presented an in vitro experiment 
showing dissolution rates of various types of gallstones with 
methyl tert-butyl ether (MTBE) and monooctanoin in various 
combinations. The most rapid dissolution occurred by using 
monooctanoin followed by MTBE. MTBE only was the second 
most active agent. Monooctanoin only and MTBE followed 
by monooctanoin were not effective in dissolving gallstones. 
The authors believe that monooctanoin may fissure calcium 
bilirubinate shells and allow better penetration of MTBE. One 
implication for current clinical protocol is that all gallstone 
patients should have monooctanoin instilled overnight before 
MTBE administration. 

H. V. Steinberg of Atlanta, GA, presented a study in which 
the gallstones of 54 patients undergoing biliary ESWL were 
separated according to the Dalgin criteria into primarily cho- 
lesterol stones and primarily pigmented stones. No difference 
in ESWL fragmentation rate between types of gallstone was 
found. 


Genitourinary Radiology 


The efficacy of transrectal, sonographically guided biopsy 
in the diagnosis of prostate cancer was discussed by J. 
Llerena from Minneapolis, MN. The findings confirm reports 
in the literature that sonographic abnormalities are not present 
in all carcinomas. Fifty-seven of the biopsies were performed 
in peripheral areas featuring abnormal echogenicity; 38 were 
used as controls on the contralateral side in a region without 
sonographic abnormalities. Malignancies were found in 23 of 
the biopsy specimens obtained from areas of abnormal ech- 
ogenicity, but they also were found in six of the 38 biopsy 
specimens taken largely at random from regions that featured 
no sonographic abnormalities. Dr. Llerena concluded that 
although not all malignant sites may be sonographically ap- 
parent, sonographic abnormalities suggest malignancy some- 
where in the gland. 

F. Castañeda from Minneapolis, MN, reported the results 
of prostatic balloon urethroplasty in a series of 130 patients. 
This procedure was performed on an outpatient basis under 
topical anesthesia. The success rate in patients with predom- 
inantly lateral lobe hypertrophy was 75%, with follow-up of 6 
months to 3 years. In patients with median bar hypertrophy, 
the success rate was only 25%. No adverse effects were 
noted. 

In another paper, Dr. Castaheda and his colleagues hy- 
pothesized that stretching of the prostatic capsule, tissue 
compression with subsequent atrophy, and separation of the 
prostatic lobes by splitting the anterior posterior commissures 
are the mechanisms that bring about relief of obstruction of 
the urethra. They suggest that separation of the prostatic 
lobes should be the goal of the procedure. 

Jeffrey Quam and his colleagues from Rochester, MN, 
reported that 38% of their patients have impotence of a 
vasculogenic cause. The patients were studied with conven- 
tional duplex Doppler sonography and spectral analysis. Both 
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corpora cavernosal arteries were evaluated in the flaccid state 
and then 5 min after intracavernosal injection of 60 mg of 
papaverine. The main peak systolic value was important in 
determining the presence of arterial vasculogenic impotence, 
and the diastolic velocity was important in determining the 
venous causes of impotence. The data suggest that there is 
an important role for color flow and spectral Doppler sonog- 
raphy as the screening method for vasculogenic impotence 
of both arterial and venous origin. 


Musculoskeletal Radiology 


In a study presented by B. W. Hindman, Los Angeles, CT 
studies of the wrist were performed with an extremity posi- 
tioning device. Contiguous scans (1.5 mm) were obtained on 
both transaxial and coronal images. In some patients, sem- 
isagittal studies were added or replaced the coronal images. 
Dr. Hindman emphasized the necessity of obtaining two views 
and the particular accuracy of the transaxial study. Sixteen 
patients with normal plain films after trauma were selected on 
the basis of persistent pain. Twenty-one occult fractures were 
identified. The four most frequent sites were the hamate (5), 
the lunate (3), the scaphoid (3), and the bases of the meta- 
carpals. 

Eight patients with hyperextension dislocation of the neck 
were studied with plain films and MR imaging by Joel W. 
Yeakley and colleagues, Houston, TX. John H. Harris, Jr., 
who presented the paper, emphasized the subtle plain film 
findings (diffuse severe prevertebral soft-tissue swelling and, 
in two thirds of the cases, a small triangular avulsion fragment 
at the anterior inferior corner of the vertebral body). Malalign- 
ment was not obvious because the dislocations reduced 
spontaneously. Clinically, the patients have acute central cer- 
vical cord syndrome of varying severity. The combination of 
diffuse prevertebral swelling on plain films and the physical 
findings indicates the need for MR imaging. The MR image 
clearly outlines the soft-tissue injuries associated with hyper- 
extension dislocation. The anterior longitudinal ligament and 
anterior fibers of the anulus are disrupted. The disk space is 
widened, the signal of the disk is changed by hemorrhage, 
and disk material is herniated posteriorly. The posterior lon- 
gitudinal ligament is avulsed. The spinal cord is impinged on 
anteriorly by the herniated disk and posteriorly by the lamina 
of the subjacent vertebrae. 

In reviewing emergency room films of the spine, Stanley P. 
Bohrer and Y. M. Chen of Winston-Salem, NC, found gas in 
the anulus of intervertebral disks in 27 patients (38 disks), or 
4% of the cases. Most were related to degenerative disk 
disease and not acute trauma. In cases with multiple levels, 
contiguous disks were affected. Drs. Bohrer and Chen pos- 
tulate that the cause of the degenerative vacuum is associ- 
ated with changes in Sharpey fibers, which attach the disk to 
the vertebral body. Spurs or variants of the corner of the body 
(e.g., flat corner) may predispose the cervical spine to the 
vacuum phenomenon. 

A. M. Rijke and colleagues, from Charlottesville, VA, eval- 
uated stress radiographs of the ankle obtained on the Telos 
device by comparing the results with arthrography and/or 
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surgery. The object of the study was to determine if stress 
studies could differentiate accurately between isolated ante- 
rior talofibular ligament tears and the more sericus combined 
calcaneofibular and anterior talofibular ruptures. Films were 
obtained in the anteroposterior projection to measure the 
talar tilt angle with 5, 10, 15, and 20 kg of stress. Films were 
obtained in the lateral projection to evaluate anterior draw 
with 5, 10, 15, and 20 kg of stress. The studies were 
performed with lidocaine anesthesia. Twenty-five patients 
were evaluated, and the 16 patients with significant calcaneo- 
fibular ligament tears had increased displacement of the mor- 
tise on stress views when compared with normal volunteers 
and/or patients with isolated anterior talofibular ligament 
tears. 

Amy Beth Goldman of New York reviewed 119 cases of 
calcific tendonitis of the shoulder. Twenty patients had calci- 
fications related to the tendon of the long head of the biceps 
brachii. In nine cases, the deposit was adjacent te the superior 
glenoid rim at the origin of the tendon, a site well described 
in the literature. However, in 11 cases, the calcification was 
extraarticular, adjacent to the proximal humeral shaft, and 
close to the tendon/muscle junction. This more: distal site of 
calcific tendonitis of the long head of the biceps nas not been 
well described. The 11 cases of extraarticular caicific tendon- 
itis of the biceps all had a single calcification near the proximal 
humeral shaft. On the internal rotation view, the density was 
medial to the shaft; on the external rotation view, the density 
was lateral to the shaft; and on the axillary view, it was 
anterior to the shaft. Dr. Goldman concluded that including a 
small portion of the proximal humeral shaft on shoulder films 
will increase the diagnostic yield in cases of calcific tendonitis. 

The advantages of MR imaging in the characterization of 
skeletal lesions is well documented; however, the preferred 
technique of evaluation continues to be investigated. Karen 
L. Harkens of lowa City, IA, presented a study describing the 
value of Gd-DTPA-enhanced MR in evaluating both neoplas- 
tic and nonneoplastic musculoskeletal lesions in 30 patients. 
Long TR/TE images were adequate for tumor definition, but 
several advantages of Gd-DTPA-enhanced short TR images 
were apparent. These included differentiation of cystic regions 
(including hemorrhage or necrosis) from neoplasm and dis- 
tinction of edema from tumor. 

CT arthrography of the shoulder is currently the most 
accurate radiologic method for evaluating causes of gleno- 
humeral instability. David R. Pennes of Ann Arbor, MI, pre- 
sented a study evaluating the optimal positiening of the 
patient, comparing internal and external humeral rotation, in 
42 patients. The results indicate that anterior joint abnormal- 
ities (capsular detachment and labral tears) generally were 
best assessed on internal rotation; however, in 19% of cases, 
anterior lateral abnormalities were solely or optimally shown 
on external rotation. Posterior joint structures were evaluated 
best on external rotation, with 40% of the abnormalities seen 
only in this position. Dr. Pennes and colleagues concluded 
that CT arthrography of the shoulder should be performed 
with both internal and external humeral rotation. 

The use of uncemented hip arthroplasties and bipolar en- 
doprostheses has presented difficulties in the radiographic 
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diagnosis of loosening. John Shannon Swan and colleagues 
of Indianapolis, IN, used contrast and nuclear arthrography to 
assess loosening of uncemented femoral components. Sev- 
enteen patients with surgical confirmation were evaluated, 
and nuclear arthrograms were performed with 100 „Ci of 
indium-111 chloride. Sensitivity for detection of loosening was 
50% for contrast arthrography and 70% for nuclear arthrog- 
raphy, whereas specificity was 100% for both. However, 
when either examination was positive, the sensitivity of the 
combined procedures was 90%. These results indicate that 
combination contrast and nuclear arthrography is an accurate 
method for determination of loosening of uncemented femoral 
components in hip arthroplasty or bipolar endoprostheses. 


Computed Tomography 


Janet E. Kuhlman and colleagues from Baltimore, MD, 
discussed CT of enterovaginal and vesicovaginal fistulas. 
Twenty-six patients with 18 enterovaginal and eight vesico- 
vaginal fistulas were examined. The fistulas were caused by 
gynecologic malignancies in 15 (58%), by inflammatory bowel 
disease (mostly Crohn disease and diverticulitis) in eight 
(31%), and by miscellaneous causes in three (11%). Cervical 
cancer with radiation therapy was the most common cause 
of fistulas in the neoplastic group. The CT diagnosis of fistula 
was based on the presence of contrast medium in the vagina 
(strict criterion in 58% or 15/26) and was suggested by air in 
the vagina in 85% (22/26) and by fluid in the vagina in 19% 
(5/26). Recent surgery and recent vaginal examination, either 
of which can produce intravaginal air, must be excluded. 
Communication between vagina and bladder or between va- 
gina and rectum often could be seen on CT. Associated 
findings were adjacent radiation changes in 38% (10/26), 
contiguous pelvic mass from recurrent tumor in 23% (6/26), 
and adherent bowel loops with thickened wall due to inflam- 
matory bowel disease or radiation enteritis in 42% (11/26). 
Conventional studies (excretory urography, cystography, and 
barium enema) showed abnormalities in 44% (7/16). CT had 
an overall detection rate of 58% (15/26) for fistula if strict 
criteria were used, and the detection rate was higher if the 
suggestive findings were used also. CT, therefore, can be 
considered a successful method for showing fistulas. For 
detection of enterovaginal fistulas, no IV contrast material but 
sufficient oral and rectal contrast material should be admin- 
istered. Delay of scans 20 min after contrast administration 
often is useful, particularly with smail fistulas. For detection 
of vesicovaginal fistulas, no oral contrast material is given but 
IV contrast material should be used. 

Dr. Kuhlman also discussed CT features and growth char- 
acteristics of Krukenberg tumors. The most common cause 
of metastases to the ovary is colonic cancer. This outnumbers 
other causes by a ratio greater than 2:1. Three to eight 
percent of women with colonic cancer have ovarian metas- 
tases at surgery. Metastases to ovaries often cannot be 
distinguished from primary ovarian tumors. In this study, the 
CT examinations of 12 patients with pathologically proved 
ovarian metastases (colon, seven; stomach, two; and one 
each, carcinoma of appendix, carcinoma of endometrium, and 
carcinoid) were reviewed. The most common CT features of 
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Krukenberg tumors were bilateral adnexal masses (9/12). 
Masses that presented as cystic and solid structures were 
frequently muitiloculated with septa. Calcification was seen in 
two patients. The diameter of the masses ranged from 3 cm 
to more than 15 cm. Associated findings included carcino- 
matosis in 9/12, hydronephrosis in 5/12, and ascites in 4/12. 
Liver metastases and periaortic adenopathy were not com- 
mon. In five patients with histories of pelvic mass, a primary 
ovarian tumor was suspected, and a genitourinary primary 
tumor was found either later or at surgery. Seven patients 
presented with pelvic masses and previous cancer surgery. 
Nine had serial scans over 6 to 28 months that showed 
disproportionate growth cf the ovarian metastases as com- 
pared with the remaining metastases. This often was asso- 
ciated with ascites and diffuse carcinomatosis. Dr. Kuhiman 
concluded that Krukenberg tumors cannot be distinguished 
from primary ovarian tumors by CT. Because of the high 
frequency of ovarian metastases, CT scans made in women 
with primary colonic or gastric cancer should be extended to 
the pelvis. 

M. J. Milos and colleagues from Los Angeles tested an 
abbreviated protocol for CT of the abdomen and pelvis in 
patients with blunt abdominal trauma. From 30 cases with 
abnormal full abdominal-peivic scans obtained at 1-cm inter- 
vals before and after injection of contrast medium, a postcon- 
trast sequence was selected at 1-cm increments from the 
dome of the liver through the spleen and then at 2-cm 
increments through the liver. Further scans to the midsym- 
physis were selected at 3-cm increments. The abbreviated 
scanning sequence and the long initial scanning sequence 
were blindly and separately reviewed and correlated with final 
interpretative results and histologic findings. The accuracy 
was over 90% for the long scanning sequence (65 slices) and 
less than 90% for the short sequence (22 slices). Although 
the specificity was high for both scanning sequences (over 
90%), the sensitivity was very high (over 90%) for detecting 
injuries to solid organs, but it was low (61%) for pelvic fluid. 
Presence of fluid within the pelvis was missed with the short 
scanning sequence in 9 of 10 cases. Five transverse process 
fractures, sternal fractures, and anterior mediastinal and lung 
base abnormalities also were missed on the short scanning 
sequence. The results suggest that the short scanning format 
may be used in combination with routine radiographs of the 
spine and pelvis and may provide sufficient information for 
immediate patient management. However, some reports sug- 
gest that certain acetabular and spinal fractures may be 
detected only by CT. Therefore, the authors do not recom- 
mend the use of the abbreviated CT trauma protocol for 
staging, triage, or management of patients because of the 
false-negative results in detecting pelvic fluids or bone frac- 
tures. 

Ruedi F. Thoeni and colleagues from San Francisco, CA, 
discussed the value of pouchogram (barium enema), CT, and 
™ 'n-labeled leukocyte study (Lk) for detecting postoperative 
complications such as pouchitis, abscess, or fistula in 40 
patients with ileoanal pouches after total colectomy for severe 
ulcerative colitis. Twenty-four S-pouches and 16 J-pouches 
were present, and 51 sets of examinations were analyzed. in 


AJR:153, September 1989 


these 51 sets, a proved diagnosis of pouchitis was found in 
21, abscess in 12, fistula in three, and no abnormality in 18. 
CT scans were obtained after administration of oral and rectal 
conteast material. Pouchogram with hypaque and Lk were 
obtained on the same day. Among the patients with S- 
pouches, 23 of 31 CT studies showed round pouches and 
eightof 31 showed undulated pouches. Eight of 16 J-pouches 
had cloverleat appearances, and undulated or round pouches 
were-found in three of 16. A stump was visible in eight of 16 
patients with J-pouches but was not present in any patients 
with 3-pouches. Distinctions between S- and J-pouches were 
made correctly in 46 of 51 cases. Based on results in 29 
patients with all three tests, Lk had the highest sensitivity 
(75%) and the highest accuracy (84%). CT and Lk had similar 
specificities (100%). For detection of pouchitis, Lk was the 
best, with an accuracy of 89%, but it could diagnose only 
inflammatory change and could not distinguish among pouch- 
itis, abscess, and fistula. For detection of abscess, CT was 
the best with an accuracy of 100%. Fistulas frequently were 
missed by all three procedures, probably because of their 
smail:size and/or early sealing of the orifice. A combination of 
CT amd Lk appeared to be best for detection of complications, 
with an accuracy of 91%. 

Kimble B. Dolenz and colleagues, Gainesville, FL, studied 
22 patients with various hepatic masses in whom dynamic 
incrernental CT with arterial contrast infusion was performed 
to determine optimal injection rate and site of injection. Selec- 
tive hepatic arterial infusion was found to be best, with a 
sensitivity of E9%, compared with angiography alone (sensi- 
tivity, 50%). Also, this technique was as accurate as hepatic 
arteriagraphy in predicting pathologic diagnoses. 

S. J. Schulte and coworkers of Seattle, WA, evaluated the 
extrahepatic biliary system with CT. In 100 consecutive nor- 
mal subjects, the common hepatic and common bile ducts 
were identified in 67% and 80%, respectively. Mean duct wall 
thickness was 1.0-1.5 mm. Forty-eight patients with thick- 
ened bile duct wall (>2.0 mm) had diagnoses including chol- 
angitis, cholangiocarcinoma, pancreatic cancer, pancreatitis, 
and common bile duct stones. 

To determine the usefulness of CT in predicting survival of 
patierts with lwer metastases from colorectal carcinoma, R. 
Halvorsen anc colleagues of Minneapolis, MN, compared 
pretherapy CT scans of 32 patients with subsequent survival 
data. No significant relationship was found between the length 
of survival and the number and size of the metastases or the 
percentage of liver involvement. The only significant correla- 
tion faund was that involvement in both segments of the left 
lobe correlatec inversely with survival. 

The:CT findings in 61 cases of severe and 87 cases of mild 
acute pancreatitis were correlated with clinical outcome by J. 
Llauger and colleagues of Barcelona, Spain. When the CT 
findings were cf greater severity (extensive involvement, per- 
ipancrzatic fatty infiltration, peripancreatic fluid collections), 
the development of abscesses or pseudocysts was more 
common. When these findings were not present, patients had 
a better clinical course. 

R. F. Thoen: and colleagues of San Francisco, CA, used 
CT to detect asymptomatic pancreatitis after ERCP. CT scans 
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were obtained after ERCP was performed with or without 
interventional maneuvers. The scans showed signs of pan- 
creatic inflammation including gland eniargement, fluid collec- 
tions, and poorly defined pancreatic margins. Eighty percent 
of patients who underwent ERCP with therapeutic interven- 
tions and 25% of patients who did not have interventional 
maneuvers showed evidence of pancreatitis. This is com- 
pared with 48% of all patients who had clinical evidence of 
postprocedure pancreatitis. 


Sonography 


Papers presented in this session focused on noninvasive 
vascular diagnosis by use of Doppler sonography. Although 
spectral Doppler analysis remains essential for quantitative 
evaluation, color flow imaging shows great promise for qual- 
itative characterization of flow dynamics. 

A major concern in carotid Doppler examinations—repro- 
ducibility of velocity determinations—was addressed by Jo- 
seph F. Polak of Boston, In a study of 51 carotid bifurcations, 
it was determined that interobserver error was less frequent 
for internal carotid peak systolic velocity determinations than 
for internal carotid/common carotid velccity ratios. Reproduc- 
ibility in all measurements was decreased in patients with 
large calcified plaques. 

In a study of 38 proved pseudoaneurysms, William D. 
Middieton of St. Louis, MO, showed color Doppler sonogra- 
phy to be a valuable method of evaluation. In all cases, blood 
was seen flowing within the pseudoaneurysm in a pulsatile 
pattern varying with the cardiac cycle. The amount of throm- 
bus and size of the neck could be assessed easily. Waveform 
analysis was needed only in equivocal cases. There were no 
false-positive and two false-negative studies (one a 1.5-mm 
aneurysm and one that had inadequate acoustic access). 
Color Doppler sonography shouid be the primary technique 
for evaluating patients with suspected pseudoaneurysms. In 
most cases, surgery can be performed on the basis of the 
color Doppler sonography results alone. 

The results of duplex sonography studies of parathyroid 
masses in 25 patients was discussed by K. Riedy, Evanston, 
IL. Parathyroid adenomas often have areas of increased flow, 
which helps in their detection, especially when they are ec- 
topic or when the thyroid gland is multinodular. Many of the 
parathyroid adenomas showed frequency shifts greater than 
4 kHz, whereas none of the other neck masses did. 

Duplex and color flow sonography are gaining widespread 
acceptance in the workup of patients with suspected lower 
extremity deep venous thrombosis. Similar success in evalu- 
ating veins in the upper extremity was reported by Greg J. 
Knudson, Milwaukee, Wi. The patency cf the brachial, basilic, 
axillary, subclavian, innominate, and internal jugular veins was 
assessed with 7.5- and 5.0-MHz transducers. Complete filling 
of the vessel lumen by color was used as the criterion for a 
normal examination. In 22 examinations with venographic 
correlation, only one false-positive examination was encoun- 
tered (due to extrinsic tumor compression); six studies were 
false-negative. Similar results were obtained in 121 exami- 
nations for which clinical correlation was available. Venous 
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collateral formation was a helpful secondary sign of throm- 
bosis. Color flow imaging was unable to visualize either the 
superior vena cava or the proximal innominate vein. The 
authors suggest that venography be reserved for those pa- 
tients with normal color flow studies but with strong clinical 
indications for thrombosis. 

The presence of gallbladder wall perforation can change 
the early management of a patient with cholecystitis. Howard 
Levy and colleagues, New York, reviewed 117 patients with 
acute cholecystitis who had preoperative sonographic ex- 
aminations. Twenty of these cases had perforations. The 
patients with perforations had a significantly greater gallblad- 
der wall thickness (mean, 7.0 vs 4.8 mm), larger perichole- 
cystic fluid collections (mean, 16.9 vs 4.8 mm), and a greater 
frequency of other fluid collections such as ascites and pleural 
effusion (25% vs 2.5%) when compared with patients without 
perforations. Although overall differences were present be- 
tween the two groups of patients, in most individual cases 
the predictive value of these differences was not high enough 
to be helpful. 

Stenosis of the donor artery may lead to significant hyper- 
tension in renal transplantation patients. Although angiogra- 
phy remains the gold standard for diagnosis, it is invasive and 
may adversely affect renal function. In their study of 11 
patients with suspected renal artery stenosis, Franklin N. 
Tessler and colleagues, Los Angeles, found that all eight 
patients with turbulent flow had significant stenosis at angiog- 
raphy, whereas none of three patients without turbulent flow 
did. Two patients with Doppler shifts of greater than 4.0 kHz 
had no significant stenosis. 

In contrast, J. F. Snider and coworkers, Minneapolis, MN, 
found a Doppler shift of greater than 7.5 kHz to be 94% 
sensitive and 87% specific in diagnosing renal artery stenosis 
in renal transplants. In their study, turbulence was a less 
reliable indicator, especially in patients with end-to-side an- 
astomoses between the renal and iliac vessels. Despite the 
disagreement regarding the relative importance of diagnostic 
criteria, both investigators concluded that duplex Doppler 
sonography is an excellent screening technique for patients 
with suspected renal transplant artery stenosis. However, the 
criteria remain somewhat subjective, and further research is 
needed to refine the technique and to assess the possible 
role of color flow imaging. 

Transvaginal sonography (TVS) is becoming indispensable 
in the evaluation of the female pelvis. It has excellent resolu- 
tion and helps overcome some of the limitations of transab- 
dominal sonography (TAS) such as bowel gas, obesity, and 
poor bladder filling. Jill Leibman of Atlanta, GA, discussed her 
study, done with Beth D. Kruse, comparing TVS to TAS in 
65 patients with benign palpable pelvic masses. TVS provided 
more information in 79% of patients. in six patients with cysts 
and four patients with endometriomas, the diagnosis was 
made only on TVS. 

In a study of 193 patients with suspected ectopic preg- 
nancy, Kristin Thorsen and colleagues, Milwaukee, Wi, 
showed that TVS was capable of significantly decreasing the 
number of indeterminate examinations as compared with 
TAS. By using the strict criterion of finding an ectopic gesta- 
tional sac with a visible fetal pole, 38% (23/60) of ectopic 
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pregnancies were definitely identified with TVS, whereas only 
22% (13/60) were diagnosed with TAS. Of the 83 patients 
with normal intrauterine pregnancies, TAS made a definite 
diagnosis in 34 cases; TVS correctly diagnosed all 83. Overall, 
TVS was able to establish a definite diagnosis in 113 patients, 
whereas TAS did so in 52. 

Cheryl Sisler and Marilyn J. Siegel from St. Louis, MO, 
reviewed the sonographic features of 18 ovarian teratomas 
in 17 pediatric patients. Twelve were complex masses. Of 
these, nine showed a dermoid plug, two had internal septa, 
six had solid central components, and one had a fluid-fluid 
level. Three lesions were purely cystic, and three were entirely 
solid. Overall, 77% had features that allowed accurate pre- 
operative diagnosis of teratoma. 

Color flow imaging may become the method of choice to 
evaluate patients with acute scrotal pain. In a study of 15 
patients, R. M. Lerner and colleagues of Rochester, NY, found 
increased testicular blood flow in all cases of epididymoorchi- 
tis and detorsion. None of five patients with surgically proved 
torsion showed flow in the affected testis with color flow 
sonography. Similar success was reported by F. Fobbe and 
coworkers from W. Berlin, W. Germany, who were unable to 
show flow in 41 patients with acute torsion by using a 7.5- 
MHz transducer. Both investigators emphasized the need for 
close attention to technique, particularly when imaging young 
patients in whom normal flow may be very slow. Color flow 
imaging also could be used to show varicoceles reliably. Flow 
was increased considerably during Valsalva maneuver. Flow 
patterns in testicular neoplasms were not sufficiently charac- 
teristic to distinguish one tumor type from another. 

Color flow imaging also was used to characterize the 
vascular events that occur during erection. In a study pre- 
sented by Alan N. Schwartz, Seattle, WA, flow in the caver- 
nosal artery in 10 normal volunteers was assessed by using 
color flow imaging and spectral analysis, both at rest and 
during pharmacologically and psychologically induced erec- 
tion. The authors identified six distinct phases of arterial flow. 
Further investigation will be required to demonstrate applica- 
tions in patients with erectile dysfunction. 


MR Imaging 


Several speakers discussed the advantages of MR imaging 
in delineating soft-tissue injuries that are not shown well on 
plain films. F. Feldman of New York presented examples in 
the neck, shoulder, chest, hip, knee, and ankle. 

A. M. Rijke and colleagues of Charlottesville, VA, studied 
MR imaging of the ankle, examining the anterior talofibular 
ligament in neutral position and the calcaneofibular ligament 
in plantar flexion, using a three-dimensional gradient-echo 
imaging with steady precession (FISP) technique. They were 
able to show tears in these ligaments and found good corre- 
lation with the stress radiograph examination. 

MR evaluation of partial tears of the anterior cruciate liga- 
ment (ACL) was the subject of another presentation by Dr. 
Rijke. By using a knee-stressing device, changes in the ap- 
pearance of the ACL before and after stress were studied. 
The results showed that laxity is difficult to distinguish from 
a tear. 


be. 
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Techniques for cetection of hepatic metastases were the 
topic of six presentations. B. Hamm and M. Taupitz of W. 
Berlin, W. Germany, used an induced rat tumor to study four 
IV contrast agents: Gd-DTPA, Gd-DTPA-albumin, Fe-EHPG, 
and a superparamagnetic iron oxide. In a 2-T animal imager, 
he followed the administration of each agent with repeated 
20-sec gradient-echo images and, after 7 min, with spin-echo 
T1-weighted scans. Gd-DTPA required as much as 1.2 mmol/ 
kg for enhancement, which lasted only 2 min. T1 shortening 
predominates at a dose of 1.0 mmol/kg. The albumin-Gd- 
DTPA compound maintained enhanced tumor-liver contrast 
for several hours, at a dose of 0.01 mmol/kg. Higher doses 
were less effective because contrast material leaked into the 
tumor. Relatively poor enhancement occurred with the hepa- 
tobiliary agent because of the lower relaxitivity (potency) of 
iron compared with gadolinium and because, unexpectedly, 
contrast material leaked into the tumor. The best enhance- 
ment was produced by the iron particles and lasted for many 
hours. The signal intensity of the liver returned to normal in 
10 days. 

C. J. Fretz and colleagues (Boston and Chicago) compared 
the performarice of a superparamagnetic iron oxide (AMI-25) 
in clinical trials with unenhanced MR imaging and CT, using 
receiver-operator-characteristic (ROC) analysis of the capac- 
ity to detect liver metastases. Sixteen patients were included, 
and the dose varied from 5 to 40 umol Fe/kg. Contrast- 
enhanced MR outperformed CT (statistically significant) and 
non-contrast-enhanced MR (not statistically significant). 

Ernst Rummeny and coworkers, Boston, compared phase 
contrast (PC, Dixon method) T2-weighted pulse sequences 
with conventional, in-phase, T1- and T2-weighted pulse se- 
quences at 0.5 T for detection of focal hepatic lesions. Be- 
cause many patients with metastases have hepatic steatosis, 
PC pulse sequences can be used to enhance tumor-liver 
contrast. On average, the PC 2350/60/2 (TR/TE/excitations) 
pulse sequence was found to perform as well as a short-TR/ 
short-TE T1-weighted SE sequence in detecting metastases. 
Hepatocellular carcinomas often undergo fatty degeneration 
and, unlike metastatic cancer, can show decreased contrast 
on PC images. 

J. J. Phillips of Torrance, CA, gave evidence that the MAST 
gradient motion nulling technique implemented at both 0.5 T 
and 1.5 T improves detection of liver lesion. He described the 
normal pattern of signal arising from patent blood vessels. 
Naturally, variation of the technique, such as application of 
saturation pulses, may change the normal pattern. 

Finally, in the tumor-detection group of papers, Harvey V. 
Steinberg of Atlanta, GA, gave results comparing high-field 
(1.5 Ty with tow- or intermediate-field (0.5 T) MR imaging in 
29 patients (18 with lesions) who underwent both. Except for 
the poor performance of the high-field T1-weighted SE im- 
ages, all pulse sequences on both scanners allowed compa- 
rable lesion detection rates. 


Interventional Radiology 


Significant improvement in patency and hemodynamics of 
atherosclerotic stenosis in peripheral vessels is achieved by 
percutaneous atherectomy. M. Maynar and colleagues, Min- 
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neapolis, MN, reported their experience with the Simpson 
atherectomy device, including wire atherectomy of the poplit- 
eal artery, in a series of patients with peripheral vascular 
disease. An overall patency rate of 70% of the treated vessels 
was found after 18 months of follow-up. The authors believe 
this type of atherectomy should provide improved long-term 
patency over treatment with percutaneous transluminal an- 
gioplasty (PTA) alone, especially if large atherectomy cathe- 
ters are used. 

Curtis W. Bakal, Bronx, NY, described the beneficial effects 
obtained with PTA of intrapopliteal vessels for limb salvage, 
healing of amputation wound, graft salvage, and as an adju- 
vant to planned surgery in a group of patients, 85% of whom 
were diabetics. The clinical response after technically suc- 
cessful dilatation of the arterial stenosis was directly related 
to the state of the distal vessels. Excellent results were 
obtained in patients in whom PTA restored straight-line flow 
to the foot; there was no effect on those with no distal vessels. 

Effects of parenteral steroids administered to prevent early 
restenosis after PTA were found in preliminary laboratory 
experiments reported by T. V. Myers, Kansas City. MO. Dr. 
Myers and coworkers found less subintimal fibrosis in a group 
of dogs that had PTA of their carotid arteries and received 
stercids, in contrast to fibroblastic and capillary proliferation 
with fibrin and collagen deposition in the control group. It 
appears that steroids influence the cellular and luminal re- 
sponse to inflammation, preventing neointimal fibroplasia. Fur- 
ther studies and clinical correlation are needed to assess fully 
this potentially beneficial effect for patients undergoing PTA. 

Regardless of the causes of the Budd-Chiari syndrome, 
treatment is directed at relieving portal hypertension. L. G. 
Martin, Atlanta, GA, described the utility and safety of balloon 
dilatation of the hepatic veins, inferior vena cava, and porto- 
systemic shunts in prolonging the patency of veins and 
shunts. This technique can reduce the severity of the disease, 
allowing collateral venous pathways to develop and relieving 
hepatic congestion. Balloon dilatation alone does not provide 
definitive patency. Metallic endovascular stents may improve 
long-term results. 

Total patient time in the lithotripsy suite, positioning of the 
patient, and the effectiveness of shock-wave treatment were 
analyzed and studied by Rendon C. Nelson and cclleagues 
of Atlanta, GA, to aid in planning of biliary extracorporeal 
shock-wave lithotripsy (ESWL). Focusing the shock-wave 
path toward the stone is critical; this important aspect 
stresses the primary role of the radiologist when performing 
biliary ESWL. Ease of focusing on larger stones may explain 
why treatment time is shorter with larger stones than with 
smaller and multiple stones. 

J. R. Mathieson and colleagues of Vancouver, Canada, 
studied the ability of sonography to assess the number and 
size of gallstones and their fragments after ESWL. They 
concluded that sonography is accurate for counting and 
measuring up to six stones. By sonography, one can ascertain 
that more than six stones are present, but one cannot be 
specific if the number is greater than six. Gallstone fragmen- 
tation after lithotripsy can be assessed in some cases; how- 
ever, substantial errors can be made when many stones or 
fragments are present or when the gallbladder is contracted. 
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Dissolution time of gallstones may vary depending on the 
solvent and the technique used. J. Cox and colleagues from 
San Diego, CA, described in vitro experiments with a variety 
of solvents and methods to dissolve simulated gallstones 
(100% cholesterol pellets). Dissolution was augmented by 
increased rapidity of ingress and egress of methyl tert-butyl 
ether (MTBE). The study confirms the effectiveness of MTBE 
over other solvents and demonstrates the potential of a newly 
designed catheter-agitation system. This project provides 
laboratory support for the agitation of MTBE to dissolve 
cholesterol stones. 

Guidelines for the selection of patients, procedural consid- 
erations, and follow-up for percutaneous gallstone dissolution 
with MTBE were discussed by Eric vanSonnenberg, San 
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Diego, CA. The radiologic workup includes plain film radiog- 
raphy, sonography, oral cholecystography, and CT. Exclusion 
criteria include stones with significant calcification or a thick 
gallbladder wall. The need to stop the procedure if the amount 
of MTBE injected is not retrieved was stressed. Evacuation 
of MTBE is required to prevent sedation, hemolysis, and renal 
failure. Basketing may be needed as a supplementary pro- 
cedure for stones or fragments that do not dissolve. Percu- 
taneous cholecystostomy was successful in 23 of 25 patients, 
dissolution alone in 15 of 20, dissolution and basketing in 
three of three, and percutaneous stone removal alone in three 
of three patients. Dissolution of bile duct stones occurred in 
three of five patients. 
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1989 ARRS Gold Medals 


Ronald G. Evens 


Robert Gordon Fraser 


Only a few professors can 
influence a generation of phy- 
sicians by their scholarly 
work. Robert Gordon Fraser 
is such an individual. Nearly 
every practicing radiologist 
has read his textbook on di- 
agnosis of diseases of the 
chest, which was first pub- 
lished in 1970 and is now in 
its third edition. Medical texts 
of importance are based on 
a scholarly career of clinical 
experience and research. Dr. 
Fraser is a product of Canada with early experience in Toronto 
and Winnipeg and a brief visit to the United States in 1947 (a 
year of residency in pathology at Washington University 
School of Medicine in St. Louis). This early year in pathology 
was undoubtedly important to a radiologist who has influ- 
enced tens of thousands of physicians of all specialties about 
the importance of radiologic and pathologic correlation. In 
association with Professor Paré at McGill University in Mon- 
treal, he created the subspecialty of chest radiology to the 
benefit of millians of patients worldwide. 

Dr. Fraser has been a member of the American Roentgen 
Ray Society since 1959 and has served the Society in a 
variety of roles, including delivering the Caldwell Lecture in 
1973. We are not the first society or organization to honor 
him; he has delivered more than 20 named lectures through- 
out the world and has been honored by more than 20 scientific 
societies. His scholarship is extraordinary and his leadership 
is well known. He has been the president or vice-president of 
the Canadian Association of Radiologists, the Fleischner So- 
ciety, and the American Roentgen Ray Society. The chest 
radiograph has been the most common radiologic examina- 
tion for at least 90 years and is likely to remain a major 
examination into the next century. The ability of radiologists 
to interpret chest radiographs and relate the findings to an 
interpretation appropriate for all clinicians is strongly influ- 
enced by the scholarly work of Dr. Fraser. For contributions 
to our specialty and our society, we give our gold medal to 
Robert Gordon Fraser. 


Elson-Alexandre 
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Raymond A. Gagliardi 


Ray Gagliardi was elected to 
membership in the American 
Roentgen Ray Society in 
1972, and the society soon 
changed for the better. His 
leadership skills were recog- 
nized quickly, and he has 
held increasingly responsible 
positions for the past 15 
years. As chairman of the 
Publications and Editorial 
Policy Committee (1974- 
1980), he became the driving 
force in making the American 
Journal of Roentgenology a scientific publication in the very 
top echelon of peer-reviewed journals. Critical changes in 
people, policy, and publishers were all brought to reality under 
his leadership. As secretary of the society (1980-1986), he 
was “Mr. Roentgen Ray” and stimulated the Executive Coun- 
cil and its officers to bring new life to the oldest radiologic 
society in the United States. This society dramatically in- 
creased its membership, developed a new meeting format, 
and expanded its role in the specialty of radiology. His influ- 
ence continued as he became the chairman of the Program 
Committee (1987-1988) and president (1987-1988). 

Dr. Gagliardi is more than a leader of this society. His 
personal interest in gastrointestinal radiology is demonstrated 
by an impressive curriculum vitae of clinical papers focusing 
on the gallbladder and intestinal tract. He also serves as a 
Clinical professor at Wayne State University and as a senior 
examiner in gastrointestinal radiology for the American Board 
of Radiology. A graduate of Yale University and Medical 
School, he obtained his residency and training in radiology at 
the same institution. Moving to Michigan in 1954, he began 
his distinguished career with continuing associations at St. 
Joseph's Mercy Hospital (serving as Radiologist-in-Chief for 
the last 30 years) and at Wayne State University. 

The American Roentgen Ray Society has been blessed by 
a series of prominent radiologists and scientists who have 
devoted significant portions of their professional career to its 
mission of education. Only a few of the society's members 
are worthy of the gold medal. For leadership to our specialty, 
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and especially to the American Roentgen Ray Society, Ray- 
mond A. Gagliardi is awarded our highest honor, the gold 
medal. 


Harry Z. Mellins 


Most radiologists would find 
success by influencing one 
facet of radiology or one of 
its subspecialties—a rare in- 
dividual is a man (or woman) 
“of all seasons.” Harry Z. 
Mellins is a clinician, teacher, 
researcher, and leader ex- 
traordinaire. His professional 
career has been primarily as- 
sociated with New York and 
Massachusetts but includes 
important responsibilities in 
Minnesota, Michigan, and 
Mississippi. In every location, 
he has been honored as a teacher and scientist. Making 
important contributions in subspecialties of gastrointestinal 
radiology, chest radiology, and especially noted for genitou- 
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rinary radiology, he also has published important papers about 
lymph nodes and microcirculation. His career has influenced 
hundreds of radiologists and thousands of medical students. 

A member of the American Roentgen Ray Society since 
1956, he served in many leadership positions, ultimately as 
our president in 1977-1979, a term of more than 1 year 
during the important trans tion from a fall to a spring meeting. 
He also has been a leader of other organizations, dedicating 
the time to serve as the president of several societies, includ- 
ing the Brooklyn Radiological Society, New York Roentgen 
Ray Society, the Association of University Radiologists, and 
the Society of Uroradiologists. He has given more than 15 
named lectures throughout the country, including for example, 
lectures dedicated to such famous radiologists as Sosman, 
Stauffer, Rigler, and Holmes. 

in 1959, Dr. Mellins was named the outstanding teacher of 
the year by the medical students of the State University of 
New York in Brooklyn. What an honor for any radiologist. 
This radiologist was again honored 20 years later by the 
medical students at Harvard, when he received the Boylston 
award. 

How fortunate is our specialty to have a dedicated clinician/ 
scientist/teacher. The American Roentgen Ray Society has 
the privilege of honoring a former president and internationally 
known physician with its gold medal. 
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89th Annual Meeting of the ARRS: Secretary’s Report 


Glen W. Hartman’ 


The 88th annual meeting of the American Roentgen Ray 
Society (ARFS) was held May 7-12, 1989, at the New Orleans 
Hilton Riverside and Towers Hotel in New Orleans, LA. The 
meeting drew a record number of registrants who selected 
from a diverse menu of excellent scientific sessions, scientific 
exhibits, and refresher courses by day; superb cuisine in the 
evening; and fine weather all week. 

The meeting officially began on Monday morning with the 
installation of Ronald G. Evens of St. Louis, MO, as the 89th 
president of the ARRS. He was installed in his new office by 
retiring President Lee F. Rogers and Executive Council Chair- 
man A. Everette James, Jr. In his presidential address, Dr. 
Evens icsntitied several challenges facing our specialty and 
proposed innovative initiatives. His thoughtful comments are 
published in this issue of the AJR, and you are encouraged 
to read his address in its entirety. 

Dr. Evens and his Scientific Program Committee selected 
papers «overing all phases of radiology for the scientific 
program: which began on Monday. One hundred eighty-nine 
papers covering all recent developments in diagnostic radiol- 
ogy were presented at the meeting. 

Under the direction of Joseph T. Ferrucci, Jr. and Robert J. 
Stanley, 60 instructional courses were offered. These ses- 
sions coatinue to be highly popular segments of the program, 
and the ‘ota’ attendance at the courses easily eclipsed prior 
records. 

The categorical course for 1989 on genitourinary radiology 
was arranged by Howard M. Pollack and attracted over 600 
attendees. A thorough update on genitourinary radiology is 
providec in the syllabus prepared by the faculty and edited 
by Dr. Pellacx. The categorical course will remain an important 
element of the educational program next year, when William 
J, Casarella will arrange a course on cardiovascular disease. 

The Friday symposium, “Gastrointestinal Radiology 1989: 
New Problems, New Solutions” featured an outstanding fac- 
ulty under the direction of Dennis M. Balfe. Musculoskeletal 
radiology will be the focus of the 1990 Friday symposium. 

Over 200 scientific exhibits were viewed daily by a large 
number of attendees. John E. Madewell and the Scientific 
Exhibits Committee selected superb exhibits, which were well 
arrangee with ample room for deliberate viewing and study. 
The Case of the Day was centrally located in the hall, and 


several challenging cases were presented under the direction 
of Marilyn J. Siegel. 

The abstracts of the award-winning scientific exhibits ap- 
pear elsewhere in this issue. The three major awards were 
Gold Medal for “Applications of Color-Flow and Spectral 
Doppler Ultrasound in the Evaluation of Vasculogenic impo- 
tence,” by Jeffrey P. Quam, Bernard F. King, Duane M. 
Brakke, E. Meredith James, and Ronald W. Lewis of Roch- 
ester, MN; the Silver Medal for “Lasers in Biliary Obstruction: 
Feasibility of Fluoroscopically Guided Application,” by Abra- 
ham H. Dachman, James A. McGehee, Thomas E. Beam, 
Anthony C. Venbrux, Robert Hoyt, and Jennifer A. Burris of 
Bethesda, MD; and the Bronze Medal for “Reassessment of 
Factors Governing Interface Resolution,” by Enrique Pantoja, 
Candace L. Kabler, and Ching P. Li of Dayton, OH. 

The Special Awards Program was held on Wednesday, and 
three award papers were presented by radiology residents. 
The President's Award, with an honorarium of $1000, was 
given to James M. Larson for his paper, “The Validity and 
Utility of Ultrasound in the Diagnosis of Appendicitis in the 
Community Setting.” Co-authors were John C. Peirce, Doug- 
las M. Ellinger, Gregory H. Parish, Dennis C. Hammond, and 
Clifton F. Ferguson. The Executive Council Award papers, 
each with an honorarium of $500, were “Biochemical Corre- 
lation of the Magnetic Resonance Appearance of Experimen- 
tally Induced Cerebral Hemorrhage in the Rat,” by Keith R. 
Thulborn, A. Gregory Sorenson, Neil W. Kowall, Ann McKee, 
Albert Lai, Robert C, McKinstry, John Moore, Bruce R. Rosen, 
and Thomas J. Brady, and “Variations in Forearm Muscle 
Structure and Function: Importance in MR Spectroscopy,” by 
James L. Fleckenstein, Loren A. Bertocci, Ray L.Nunnally, 
Robert W. Parkey, and Ronald M. Peshock. The Executive 
Council Awards were given in memory of Franklin L. Angell 
anc Thomas C. Beneventano. 

The Gold Medal of the ARRS for distinguished service to 
radiology was presented by President Evens to Robert G. 
Fraser of Birmingham, AL; Raymond A. Gagliardi of Pontiac, 
MI; and Harry Z. Mellins of Boston, MA. The three recipients 
were recognized not only for their contributions to the ARRS, 
but also for their outstanding service to the field of radiology. 

The 68th Caldwell Lecture was presented by the Honorable 
Bill Bradley, United States senator from New Jersey. His 
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speech, “Health Care Choices for the Nineties,” and a follow- 
up question-and-answer session were well received by a 
large, attentive audience. Senator Bradley's appearance was 
an exciting addition to the program, and the society owes a 
debt of gratitude to President Evens and John K. Crowe for 
arranging his visit. 

A record number of attendees and guests actively partici- 
pated and enjoyed the social programs arranged by Abner M. 
Landry, Jr., who served as chairman of the Committee on 
Local Arrangements. He also organized the annual golf tour- 
nament, which was held at the English Turn Country Club in 
New Orleans. The Manges and the Exhibitor trophies were 
both claimed by Carl J. Zylak. The award for the tennis 
championship was given in honor of Robert N. Cooley and 
was claimed by Richard Jacobs. The winner of the ladies’ 
tennis tournament was Renata Rigney. 

Once again, the ARRS/ACR luncheon speakers presented 
timely and informative topics, which included “Mammography 
Screening” by Gerald D. Dodd, “RVS Update” by James M. 
Moorefield, “Standard Setting” by Jerome H. Shapiro and 
“Government Issues” by Otha Linton. 

The entire Executive Council joins me in expressing appre- 
ciation to all faculty members, committees, and directors of 
various programs for their contributions to the success of the 
annual meeting. Meetings of superb quality such as this 
annual meeting of the ARRS can occur only when everyone 
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involved fulfills their commitments. This is especially appreci- 
ated because it is done on a volunteer basis. 

During the ARRS business meeting, the following officers 
were elected for 1989-1990: President-Elect, M. Paul Capp; 
First Vice President, John A. Kirkpatrick; Second Vice Presi- 
dent, A. Everette James, Jr.; Secretary, Glen W. Hartman; 
and Treasurer, Beverly P. Wood. Committee members 
elected were Executive Council, Albert A. Moss (5-year term); 
Publications and Editorial Policy Committee, William J. Casa- 
rella (5-year term); Annual Meeting Committee, John K. Crowe 
(5-year term); Scientific Exhibits Committee, Ruth G. Ramsey 
(3-year term); Finance and Budget Committee, John R. Thorn- 
bury (3-year term); and Advisory Committee on Education 
and Research, William M. Thompson (5-year term). 

The Society was pleased to welcome 419 new active 
members, 32 corresponding members, and a large number 
of members-in-training. 

Plans are under way for the 1990 meeting at the Sheraton 
Washington, Washington, DC, May 13-18. This hotel is lo- 
cated in a quiet section of Washington, DC, and will provide 
excellent facilities for a springtime meeting in the nation’s 
capital. President-Elect M. Paul Capp will be the director of 
what promises to be an outstanding educational experience. 
Watch for future announcements of the program in this Jour- 
nal. 
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The 1989 ARRS Annual Meeting Sets New Records: 


Administrative Report 


Paul R. Fullagar' 


The 89ta annual meeting of the American Roentgen Ray 
Society (ARRS), held May 7-12, 1989, in New Orleans, LA, 
set meeting attendance records for the second year in a row. 
Nearly 2700 registrants were present, of whom 1943 were 
radiologists. 

The biggest impact in attendance was in the instructional 
courses, with over 10,200 persons attending the 60 courses 
during the 4 days. The program, expanded by four afternoon 
courses this year, was partly responsible for the increase, but 
as Joseph Ferrucci, chairman of instructional courses, pointed 
out: “There were more courses selected by each registrant 
and for more cays.” This is shown by the large number of 
registrants still attending on the last day, reversing past trends 
of reduced attendance on that day. 

When the 648 registrants for the categorical course on 
uroradiology and the 556 registrants for the Friday sympo- 
sium on gastrointestinal radiology are considered, total net 
course attendance was 11,425, up from the previous record 
of 10,869 o last year. 

The number of scientific exhibits remained constant at the 
1988 number of 245. There were more exhibits submitted, 
but the number of exhibits that can be displayed is dictated 
solely by the space available in the meeting hotel. This year 
the maximum amount of available space was used again, and 
the exhibit area remained a major draw for attendees. The 
number of technical exhibitors held constant; however, sev- 
eral exhibiters could not be accommodated because of con- 
flicting dates. This year, we will be providing a planning 
prospectus 10 the technical exhibitors several months earlier 
than in the past to avoid potential conflicts. 

A distinct highlight of the meeting was the Caldwell Lecture, 
delivered by Senator Bill Bradley (D-NJ). The ballroom was 


nearly filled to its capacity with 1500 attentive listeners, who 
gave the senator a rousing standing ovation. His many com- 
ments on heaith care issues and his several possible solutions 
to many existing problems also were greeted with the same 
enthusiastic ovation. The content of Senator Bradley's lecture 
is contained elsewhere in this issue of the AJR. 

The 90th annual meeting, scheduled for May 13-18, 1990, 
in Washington, DC, promises to maintain the trend of the last 
2 years of continued growth in meeting attendance and the 
quality of the scientific programs presented. Washington has 
always been a successful meeting location because of the 
hotel site and the attractiveness of the city and all it has to 
offer. 

As pointed out in the past, the success of the meeting goes 
beyond the simple accumulation of numbers as presented 
here, but this seems to be the only objective way to make 
the analysis. We recognize all of the member and volunteer 
efforts that must be made for many months before and during 
the meeting, and the many favorable comments from attend- 
ees to that effect must be mentioned although such com- 
ments are difficult to quantify. We believe that through this 
committed effort the meeting has been able to remain enjoy- 
able while maintaining the highest scientific and educational 
goals. 

The officers, Executive Council, and committee members 
join me in an open invitation to join us in Washington in 1990 
for what promises to be another superb meeting, under the 
guidance of M. Paul Capp, president-elect and chairman of 
the Program Committee. 

Detailed information about the 1990 meeting will be in the 
February issue of the AJR and will be available from the ARRS 
Office in Reston, VA, after February 1, 1990. 
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ARRS Award-Winning Scientific Exhibits, 1989 


More than 215 scientific exhibits were displayed at the 
ARRS 1989 meeting in New Orleans. The Committee on 
Awards selected three medal winners and named 26 exhibits 
for certificates of merit. 

Elsewhere in this issue are an application form and instruc- 
tions for submitting scientific exhibits for the 1990 ARRS 
meeting in Washington, DC, May 13-18. 


Gold Medal Exhibit 


Applications of color flow and spectral Doppler sonography in the 
evaluation of vasculogenic impotence. Quam JP, King BF, Brakke 
DM, James EM, Lewis RW (Rochester, MN). 


Vasculogenic impotence may result from arterial or venous insuf- 
ficiency. Recent reports have described the utility of duplex Doppler 
with spectral analysis in the evaluation of this entity. One hundred 
twenty patients with suspected vasculogenic impotence (age range, 
21-82 years; mean, 55.8 years), were evaluated at the Mayo Clinic 
from October 1987 to July 1988. All patients were studied with 
conventional duplex Doppler with spectral analysis anc color Doppler 
imaging (Acuson, Mountain View, CA). Both corpora cavernosal 
arteries were evaluated in the flaccid state and 5 min after the 
intracavernosal injection of 60 mg of papaverine. Peak systolic veloc- 
ity and lowest diastolic velocity were measured in addition to the 
diameter of each cavernosal artery, before and after papaverine. Of 
the 120 patients studied with duplex Doppler and color Doppler, 69 
had cavernosometry and cavernosography, 84 had nocturnal penile 
tumescence evaluation, 77 had brachial penile index measurements, 
and five had arteriography. Fifty-four patients were treated surgically, 
28 patients had vein ligation, 22 had prosthesis implantation, three 
had microvascular surgery, and one had aortic balloon dilatation. The 
data obtained with color flow and spectral Doppler studies are 
compared with the findings on cavernosometry, arteriography, and 
clinical studies to determine the role of Doppler in the evaluation of 
these patients. 


Silver Medal Exhibit 


Lasers in biliary obstruction: feasibility of fluoroscopically guided 
application. Dachman AH, McGehee JA, Beam TE, Venbrux AC, 
Hoyt R, Burris JA (Bethesda, MD). 


Fluoroscopic guidance of the Nd:YAG laser has been limited to 
intravascular work. We devised an animal model and applied the laser 
to the common bile duct in dogs, in order to study the factors affecting 
a controlled laser burn with fluoroscopic guidance. If control can be 
achieved, this technique might be applied to tumors of the common 
bile duct in humans. 

We controlled and limited the damage by using fibers with artificial 
sapphire contact probes and applying the laser only while pulling the 
probe retrograde. Fourteen laser applications were done in 13 dogs. 
Laser energies of 15, 20, and 25 watts, and pull back rates of 0.3 
and 0.5 cm/sec were used. Pre and post laser cholangiograms and 


videotapes of the fluoroscopy were used to measure tension on the 
duct wall by the probe (angular torque). The gross specimen was 
resected, photographed, and sectioned for microscopy. The depth 
and circumference of laser damage was estimated from the superficial 
burn to frank perforation. Angular torque seems to be the most 
important factor determining damage, followed by power and pull- 
back rate. 


Bronze Medal Exhibit 


Reassessment of factors governing interface resolution. Pantoja 
E, Kabler CL, Li CP (Dayton, OH). 


Since radiography is but a graphic record of tissue interfaces, 
knowledge of the factors governing their resolution should facilitate 
interpretation. Most factors are well known (tissue contrast, beam 
quality, etc.) but two are not: (1) length of beam tangency to the 
interface along the path of the rays and (2) the ratio of interface 
thickness to total thickness of the part. This exhibit is based on a 
study of interfaces of various materials and shapes, carefully ma- 
chined and x-rayed with accurate beam alignment. It demonstrates 
with experiments and clinical examples the effect of the last two 
factors on interface resolution. 


Certificate of Merit Exhibits 


Velopalatine incompetence: the radiologist’s role. Barr LL, Hayden 
CK Jr, Hill LC, Swischuk LE (Galveston, TX). 


Developmental defects of the diaphragm. Robinson AE, Eberly 
SM, Palmon L, Varma DGK, Mulvihill DM (New Orleans, LA). 


MR in pediatric head and neck lesions. Yuh WTC, Sato Y, Kao 
SCS, Gray SD, Smith WL (lowa City, IA). 


Unusual causes of polyhydramnios. Belfar HL, Britton CA, Hill LM, 
Martin J, Longley DG (Pittsburgh, PA). 


Pitfalls in the ultrasonographic diagnosis of pyloric stenosis. 
Swischuk LE, Hayden CK (Galveston, TX). 


Comparison of CT and MR imaging in musculoskeletal neoplasm 
(complementary or overkill). Tehranzadeh J, Mnaymneh W, Ghavan 
C (Miami, FL). 


MR imaging of the temporomandibular joint: correlation with op- 
erative findings. Port RB. Mikhael MA, Canzona JE (Evanston, IL). 
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The role-of duplex sonography in the evaluation of groin masses 
in the intrayencus drug abuser. Endress C, Gray D, Guyot DR, 
Tolliver J (Detroit, Ml). 


Approach to lytic bone lesions: a computer-based interactive 
tutorial. Mayer JS, Dittrich DL, Nayeri A, Hite M, Sabatelli FW, Seotin 
AG, Moore £, Madewell JE (Hershey, PA). 


Abnormalities of the azygos system: CT evaluation. Dudiak CM, 
Olson MC, Fosniak HV (Maywood, IL). 


Hand arteriegraphy: a forgotten study revisited. Tisnado J (Rich- 
mond, VA). 


Political trends in vascular and interventional radiology: a random- 
ized survey; Smith TP, Cragg AH, Berbaum KS (lowa City, IA). 


Intraventricular mass lesions in children: CT and MR imaging 
characteristics. Fanney DR, Altman N (Miami, FL). 


MR imaging of the basal ganglia. King DE, Mawad ME, Goodman 
JC, Bryan Rid (Houston, TX). 


Duplex and color flow analysis of the vertebral artery: the sono- 
graphic spectrum of subclavian steal syndrome. Magnuson JE, 
Reading CC. James EM (Rochester, MN). 


Pulmonary arterial hypertension. Randall PA, Heitzman ER, Gordon 
L, Scaizetti E, Williams S, Markarian B, Bull M (Syracuse, NY). 


Anatomic variations in the chest simulating disease. Proto AV 
(Richmond, WA). 
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Radiographic features of recurrent breast carcinoma after seg- 
mental resection and radiation therapy. Baratz AB, Harris KM, 
Greco MG, Britton C, Fukui M, Poller WR (Pittsburgh, PA). 


CT and MR of the pericardium. Olson MC, Posniak HV, McDonald 
V, Monuada R (Chicago, IL). 


Diffuse lung disease: nongravitational physiologic analysis. Gur- 
ney JW, Bates FT, Krasnow AZ, Goodman LR, Isitman AT (Omaha, 
NE). 


Multiple nonpalpable breast lesions: should all lesions undergo 
biopsy? Linden CN, King PS, Cox CE, Clark RA (Tampa, FL). 


Mammographic-pathologic correlations: malignancies and benign 
conditions that mimic malignancy. Bassett LW, Jahanshahi R, 
Chang B, Gold RH (Los Angeles, CA). 


Pitfalls and differential diagnosis in biliary sonography. Rosenthal 
SJ, Cox GG, Wetzel LH, Batnitzky S (Kansas City, KS). 


Endorectal sonographic staging of rectal carcinoma. Coffey SL, 
Jochem RJ, Reading CC, Charboneau JW, James EM, Dozois RR, 
Wolf BG (Rochester, NY). 


Renal sinus sonography: anatomy, pitfalls, and pathologic con- 
ditions. Patel N, Kumar R, Kinkhabwala M, Wengrover S (Newburgh, 
NY). 


Pitfalls in CT appearance of adrenal metastases. Halvorser: RA, 
Parker AL, Pierre A, Yankaskas BC (Minneapolis, MN). 
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American Roentgen Ray Society New Members 


At the 1989 annual meeting of the American Roentgen Ray 
Society (ARRS) in New Orleans, LA, 419 applicants were 
elected to active membership and 32 to corresponding mem- 
bership. Five hundred eleven applicants were added to in- 
training membership during the year preceding the 1989 
annual meeting. The following member was elected to life 
membership in recognition of his contributions to the society 
and the specialty of radiology: Jerome F. Wiot. 

Active members of the society must be graduates in good 
standing of an approved medical or osteopathic school or 
hold an advanced degree in one of the physical, chemical, or 
biologic sciences. They must be board certified, active in 


radiology or one of its branches in the United States or 
Canada, and sponsored by two ARRS members. 

Members-in-training are physicians in a radiology residency 
or in a postresidency fellowship program. 

Corresponding members are physicians residing in foreign 
countries who are active in the science of radiology or allied 
sciences. 

An application form is printed elsewhere in this issue or 
may be obtained by writing: Paul Fullagar, Executive Director, 
American Roentgen Ray Society, 1891 Preston White Dr., 
Reston, VA 22091. 


Active Members 


Kenneth H. Abbott, fl, Smithville, TN 

Paul Joseph Daniel Abramson, Decatur, GA 
Jagan M. Ailinani, Carbondale, IL 

Abbas Alaghemand, Yonkers, NY 

H, Russell Albright, New Orleans, LA 
Clyde R. Alien, Laurel, MS 

Nancy Allen, Middletown, CT 

Anna Marie Arenson, Toronto, Canada 
Ashokkumar R. Babaria, Cherry Hill, NJ 
Daniel R. Backlas, Metairie, LA 

John H. Bair, Boulder, CO 

Emmet H. Balch, Euless, TX 

John W. Barr, Orinda, CA 

ira Eugene Bell, IlI, NCMH Chapel Hill, NC 
Debbie L. Belovich, Camp Hill, PA 

Yoram Ben-Menachem, Seattle, WA 
Lawrence N. Bennett, North Wilkesboro, NC 
Joel S. Benveniste, North Paim Beach, FL 
Richard Thomas Bergeron, Brooklyn, NY 
David Lynn Berry, Upland, CA 

Korth E. Bingham, Coronado, CA 

Brent Betts Birkin, Las Vegas, NV 
Bradley A. Blackburn, Chesterland, OH 
Gail Elizabeth Blakeley, Las Cruces, NM 
Stephen Michael Blum, Chicago, IL 

Cari Robert Bogardus, Jr., Oklahoma City, OK 
Sherwin Morton Borsuk, Meriden, CT 
Robert E. Boucher, Bow, NH 

Michael B. Brady, Memphis, TN 

Marshall Lee Brewer, Sioux Falls, SD 

R. Barton Bridges, Belleville, IL 

Paula W. Brill, New York, NY 

Wiliam R. Brody, Baltimore, MD 

Valerie A. Brookeman, Charlottesville, VA 
Jerry M. Brown, San Antonio, TX 

Steven A. Brown, Los Angeles, CA 

Ruth Govier Brush, Houston, TX 

Charles Edward Buckley, Potomac, MD 
Deland Darrell Burks, San Diego, CA 
Robert Andrew Burris, Kenner, LA 
George William Butz, Jr., Winter Haven, FL 
Gilberto Cadavid, San Antonio, TX 

Arthur Alphonso Castagno, Edmonds, WA 
Dennis Michael Chalus, Englewood, CO 
Judith Lynn Chezmar, Atlanta, GA 

Tilden Lafayette Childs Itt, Fort Worth, TX 
Kedar N. Chintapalli, San Antonio, TX 
Octavio Gregorio Choy, Fairfield, CT 
Pauline Kae Chu, Redlands, CA 

Peter Douglas Clarke, Boston, MA 
William Max Cloud, Springfield, MA 
Jessica Margaret Cohn, Boston, MA 
Ralph M. Colburn, Madison, WI 

Richard F. Cooper, Northville, Mi 


Alfred Benjamin Coren, East Syracuse, NY 
Luther H. Creed, Las Vegas, NV 

Bradley K. Cruz, Vacaville, CA 

Rand James Cuthbertson, West Point, NY 
Dvora Cyrlak, Santa Ana, CA 

Frank Thomas Daly, Jr., Atlanta, GA 
Joseph J. Dariak, New Orleans, LA 
Charles M. Davis, Americus, GA 
Deborah Lee Day, Minneapolis, MN 

Baz P. DeBaz, Beachwood, OH 

Ronald E. DeCesare, Edina, MN 

Joseph H. Delaney, Seattle, WA 

Todd Andrew Denholm, Hanover, NH 
Bruce James Derauf, Mendota Heights, MN 
Rajendrakumar M. Desai, Houston, TX 
Drew H. Deutsch, Fox Island, WA 
Rosalind Brown Dietrich, Glendale, CA 
Jacques Edgar Dion, Malibu, CA 

Robert Henry Dorwart, Shelburne, VT 
Richard R. Drummond, Potomac, MD 
Charles C. D. DuMontier, Belleville, IL 
David Marc Einstein, Orange Village, OH 
Gail Eliot, Bloomfield, NJ 

Jacob A. Epstein, Berkeley, CA 

Yasoda Eranky, San Antonio, TX 

Adel S. G. S. Escarous, Katonah, NY 
Gregory N. Famum, Garden Grove, CA 
Timothy P. Farrell, Mechanicsburg, PA 
Jeffrey M. Feinstein, Hinsdale, IL 

John J. Fennessy, Chicago, IL 

Solon L. Finkelstein, Palo Alto, CA 

John J. Fitzpatrick, Oak Lawn, IL 
Anthony E. Foderaro, Harleysville, PA 
Robert C. Fortenberry, New Orleans, LA 
isaac Rajumar Francis, Ann Arbor, Mi 
Slobodan E. Franic, Oakville, Canada 
Harris A. Freed, Orange Village, OH 
Joseph L. Frerkes, Belen, NM 

Geoffrey D. Friefeld, Denver, CO 

David Jay Frolich, Macon, GA 

Dean R. Fullingim, Tuisa, OK 

Milton Gallant. West Orange, NJ 

Jeffrey Reed Gatvin, iowa City, iA 
Edward L. Garman, Spokane, WA 
Spencer B. Gay, Charlottesville, VA 
Cormelia Golimbu, New York, NY 

Denise G. K. Gray, Detroit, MI 

William H. Green, Wallingford, PA 

S. Bruce Greenberg, Cheltenham, PA 
Thomas Lee Greer, Hamlin, NY 

David Christopher Gregg, Milwaukee, Wi 
William E. Greiner, Seattle, WA 

Henry John Louis Griffiths, Minneapolis, MN 
Larry A. Grissom, Houston, TX 

Kevin David Gustafson, Eden Prairie, MN 
Ralph Aaron Gutierrez, San Antonio, TX 
Betsy Hauge Guyer, Portland, OR 


Dean D. Hageman, Belleville, IL 

Dwight Perry Hager, Edina, MN 

Julia E. Halasz, Valencia, CA 

William Joseph Halden, Jr., Reston, VA 
Gary Lane Halversen, Salt Lake City, UT 
Jefferson Danie! Hanks, Jr., Rome, GA 
David Robert Hassell, Mobile, AL 
Donald Ross Hawes, lowa City. IA 
Michael Robert Hay. Sylvania, OH 
Leonard M. Heinz, Sylvania, OH 
Robert Park Henderson, Jackson, MS 
Alan T. Hennessey, Dearborn, Mi 

John Francis Hennessey, Meriden, CT 


Robert Edward Charles Henry, Jr., Eagle River, AK 


Stephen Marc Hershowitz, Washington, DC 
Frank Ronaid Hetrick, Napa, CA 
Robert C. Hewes, Kettering, OH 
Cheryi Susan Hicks, Americus, GA 
Alice O. Hinton, Nashville, TN 
Angelena Ho, Ann Arbor, MI 

Brian Yow Bun Ho, Richmond, Canada 
Mark J. Hoffman, St. Louis, MO 

Paul A. Holdener, Belleville, IL 

Hiroshi Honda, lowa City, IA 

Joseph R. Hooyman, Waterloo, IA 
Patricia A. Hudgins, Atlanta, GA 

Henry Hen Lee Huey, Vancouver, Canada 
Rebecca Lee Hulett, Wichita Falis, TX 
Clifford R. Jack, Jr., Rochester, MN 
Richard Peter Jacobs, Hopkinton, MA 
James Anthony Jagodzinski, Toledo, OH 
Meade B. Johnson, San Marino, CA 
Trent Andrew Johnson, Franklin, NC 
Patrick Francis Joyce, St. Louis, MO 
Paul R. Julsrud, Rochester, MN 
Herbert J. Kadison, Wichita, KS 

Danie! C. Karnicki, Beaumont, TX 
Joseph A. Kearney, Greensburg, PA 
Bernadette Keefe, Chapel Hill, NC 
Leland Kellerhouse, San Diego, CA 
Robert K. Kerlan, Jr., Del Mar, CA 

Arfa Khan, Muttontown, NY 

Kenneth L. Kidd, Santa Barbara, CA 
Bernard F. King, Rochester, MN 
Joseph G. King, Lexington, KY 

Nina B. Klionsky, Rochester, NY 
Robert E. Knack, Binghamton, NY 


Walter James Knickerbocker, Vancouver, Canada 


Herbert J. Koerner, Peru, NY 

David Kramer, San Jose, CA 

Steven Thomas Krueckeberg, St. Paul, MN 
Wayne S. Kubal, Pittsburgh, PA 

Barbara K. Kunkel, Harrisburg, PA 

William Arthur Ladd, Chula Vista, CA 
Barry M. Lamont, Slingerlands, NY 

John C. Lappas, indianapolis, IN 

Joseph L. LaRosa, Columbus, OH 


Joan L. Lasser, Vearwick, RI 

William L. Laventasky, Tulsa, OK 
Stephen Paul Lee Dalles. TX 

Hemlata K. Lepkeavski, Columbia, MO 
Robert M. Lerner: Rochester, NY 
James W. Lester Lackland AFB, TX 
Bertram Levin, Clicago: IL 

Van L. Lewis, Roanoke. VA 

Frederick C. Lindamann, Sheridan, WY 
William K. Littman, Cincinnati, OH 
Edward Michael Lau, San Jose, CA 
Thomas G. Loflin Birmingham, AL 

lan Leslie Love, Jéplin, MO 

Bruce Paul Lovet?. Albuquerque, NM 
Robert L. Ludwig: Briarcliff Manor, NY 
Alan Leslie Lurie, San Diego, CA 

James D. MacGibeon, Minneapolis, MN 
Thomas Edward Wais, Leawood, KS 
Steven Mark Marselbiatt, Tampa, FL 
Alfred A, Mansour. Jr., Monroe, LA 
Alberto Jose Mar=nez, San Diego, CA 
M. Victoria Marx, 5t, Louis, MO 

Lynn Harris McCcrkle, Baltimore, MD 
Timothy John Mciormack, Concord, NH 
Thomas F. McKay. Rupert, ID 

Gary Shannon Mckee, Scottsdale, AZ 
Michael A. McKuszck, Rochester, MN 
John H. McMillan, Kansas City, KS 
Robert Gerald Mesell, Flushing, NY 
David G. Meyer, Greensburg, PA 
Jean-Guy Michaue:, Longueuil, Canada 
Daniel L. Milter, The Woodlands, TX 
Joseph Paul Mille. San Antonio, TX 
Stephen Michael Miller, Beverly Hills, CA 
William B. Miller, 2r., Mechanicsburg, PA 
Michael RaymondMiliner, Lake Park, GA 
Steven P. Mitchel, Palo Alto, CA 

Robin J. Mitnick, ew York, NY 

Yusuf Mnyusiwaila, Waterloo, Canada 
Timothy E. Moore: lower City, IA 


Jonathan Spautdirg Moulton, Cincinnati, OH 


Michael Eugene Mulligan, Honolulu, HI 
Mark D. Murphey. Overland Park, KS 
Hasan Nabhani, Washington, DC 

Jo Ann Neely, Sar Francisco, CA 
Courtney Cardell Neff, Marblehead, MA 
Kenneth M. Neigu, Philadelphia, PA 
David W. Nelson; “ortlaad, OR 

Martha C. Nelson, ‘Washington, D.C. 
Donald Eric Newman, Vancouver, Canada 
Dale Christopher taewton, Seattle, WA 
Vung D. Nguyen, ‘san Antonio, TX 
James J. Norconk: Jr., Seattle, WA 
Yuji Numaguchi, Baltimore, MD 

John F. O'Connor; Westwood, MA 
Louise S. O'Shaughnessy, San Diego, CA 
John Cari Osmer, Castro Valley, CA 

J. Hal Owsley, Hickory, NC 

Richard Luis Pajares, Albuquerque, NM 
Robert H. Paley, Washington, D.C. 
John Steven Palli. Little Rock, AR 
Jorge G. Pardes, Boslyr, NY 


Thomas Holman Parker, Longmeadow, MA 


Suhas Gajanan Perulekar, Cleveland, OH 


Parashuram R. Pirmapureddy, Staten istand, NY 


Etta D. Pisano, Newton, MA 

John J. Pittari, Bainbridge, GA 
Joseph F. Polak, Jamaica Plain, MA 
Joseph J, Porada,.4omewood, IL 
Prasanna S. Prabttu, Jacksonville, FL 
Amalya Premkumar, Oradell, NJ 
Harry C. Press, Jr.. Washington, D.C. 


William Edmund Prominski, Fayetteville, NC 


Stephen F. Quinn, Portland, OR 

Mitchell Rabinowitz, Easton, PA 

Irene Phillips Raisi, Greenville, DE 
Kumudha Ramanethan, Garden City, NY 


John Frederick Rasmussen, Gainesville, FL 


Janak K. Raval, Lang Beach, CA 
David D. Reed, Wichita, KS 

Lester Russ Reichek, Ft. Bragg. CA 
John E. Reifsteck “Charleston, WV 
Mark S. Reinsel, Tulsa, OK 

Russell J, Reit. Sen Diego, CA 
Karen L. Reuter, Worcester, MA 


William Legget Ritehie, Edmonton, Canada 


James Alan Robinson, York, PA 

Jeff M. Robinson, Rome: GA 

Edward Victor Rows, Metairie, LA 

Peter A. Ross, isiend Park, NY 

David Jerome Rotefeld, Riverdale, MD 
Scott J. Rowen, irvine, CA 

Stephen Eli Rubeain, Newton Square, PA 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of x-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
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categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
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Candidates for In-Training Membership 
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Diagnostic Specificity: Proper Use 


It has beceme increasingly apparent that confusion exists in the 
radiologic literature regarding the appropriate use of the term speci- 
ficity. A representative example of this problem is the use of this term 
in the recent article, “Efficacy of MR vs CT in Epilepsy,” by Heinz et 
al. [1]. The authors report in their conclusion that “MR is the most 
efficacious imaging test in the evaluation of seizure patients. ... 
However, as MR has a high sensitivity but poor specificity [italics 
mine], CT may be done as a second procedure to try to distinguish 
neoplasm from thrombosed vascular malformations and other le- 
sions.” 

When used in association with sensitivity and without any modify- 
ing adjective, the specificity of a diagnostic test or imaging technique 
is the true-negative rate of that test, that is, the percentage of 
nondiseased (normal) patients with a normal (negative) test result 
[2]. This impertant test characteristic is obtained by dividing the 
number of true-negative results by the sum of the true-negative and 
false-positive results. Specificity is the complement of the false- 
positive rate (specificity = 1 — false positive rate). In contradistinction 
to the statement by Heinz et al., the current MR literature and 
experience suggest a high specificity of the technique in evaluating 
the brain; few normal patients appear to have false-positive findings 
when this technique is used. Rarely, MR artifacts may result in false- 
positive studies, particularly with inexperienced observers. In reality, 
valid specificity data for brain MR are difficult to obtain because of 
the problems associated with confirming normal or negative studies 
with surgical or autopsy proof, the conventional gold standards. 
However, experience with imaging normal volunteers and studies 
that include:clinical follow-up support a high specificity of MR of the 
brain. 

In the context of their conclusion, it appears that Heinz et al. 
intended spec‘ficity to mean the limited ability of MR to characterize 
or differentiate between various types of epilepsy-producing lesions 
that share a similar appearance on standard MR pulse sequences. 
Most radiologists probably are aware of this intent, as the application 
of specificity ia this manner is fairly common in the radiologic com- 
munity: A survey of the abstracts presented at the 7th annual meeting 
of the Society of Magnetic Resonance imaging [3] revealed that four 
of the eight abstracts that reported specificity used the term as a 
synonym for lesion characterization. Clinicians or epidemiologists may 
not be as familiar with or as tolerant of this application of specificity. 
If a study does not include normal subjects or patients without the 
disease being evaluated by a certain test, the specificity (true-negative 


"== rate) of that diagnostic test cannot be determined. Investigators 
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attempting to classify the imaging findings in a study of abnormal 
patients without a normal or control group, a common format of 
radiologic studies, should append the prefix /esion or tissue to the 
term specificity, or, more preferably, use the terms tissue character- 
ization or lesion discrimination. 

The need and rationale for radiologists to be precise in the use of 
Statistical terms have been noted [4]. As diagnostic radiology and the 
radiologic literature, in particular, come under more zealous scrutiny 
by other physicians, biostatisticians, and governmental agencies [5], 
it becomes increasingly important for investigators and editors to 
insist on proper statistical terminology in order to maintain scientific 
credibility. The correct use of specificity is a small but significant step 
toward that goal. 

Robert D. Harris 
Dartmouth-Hitchcock Medical Center 
Hanover, NH 03756 
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Reply 


As Dr. Harris has suggested, specificity was used in our paper [1] 
to mean the limited ability of MR to characterize or differentiate 
between various types of epilepsy-producing lesions that share a 
similar appearance on standard MR pulse sequences. Lesion char- 
acterization probably would have been a better term. 

E. Ralph Heinz 
Duke University Medical Center 
Durham, NC 27710 
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Contrast Agents and the Ozone Layer 


A recent “Progress in Radiology” report by Mattrey [1] reviews the 
use of perfluorooctyloromide (PFOB) as a contrast agent for CT, 
sonography, and MR imaging. The article fails to mention the envi- 
ronmental controversy surrounding this class of compounds. 

Chlorofluorocarbons (CFCs) are man-made chemicals developed 
in the 1930s as refrigerator coolants. They are still used (sometimes 
under the brand name Freon) for this purpose and as blowing agents 
for styrofoam, solvents to clean computer chips, and propellants in 
aerosol cans. They are the agents principally responsible for destroy- 
ing the ozone layer of the atmosphere. When released into the 
environment, CFCs eventually filter up into the stratosphere. There 
they are broken down by uitraviolet light, liberating chlorine, which in 
turn breaks down ozone. Ozone is the only gas in the atmosphere 
capable of blocking harmful ultraviolet B radiation. In addition, CFC 
molecules are 2000 times more efficient than CO; molecules at 
trapping heat from the earth, and they are estimated to account for 
up to 20% of global warming. 

PFOB is a halon. Halons are closely related to CFCs, containing 
bromine as well as fluorine and/or chlorine atoms. They increasingly 
are used in fire fighting because they cause no water or chemical 
damage. Bromine is 100 times more destructive to the ozone layer 
than is chiorine. 

The United States has banned these agents in aerosol cans and 
slowed their production for some other uses. However, worldwide 
production is increasing, particularly for automobile air conditioners. 
An international treaty to protect the ozone layer, the Montreal 
Protocol, went into effect in 1989, but it is already recognized as 
inadequate, and many scientists are calling for a total ban on the 
manufacture of CFCs and halons. 

Ferris M. Hall 

Beth Israel Hospital 
Harvard Medical School 
Boston, MA 02215 
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Reply 


The lack of mention of the controversy surrounding the environ- 
mental impact of fluorochemicals in my report [1] was not an over- 
sight; the role of perfluorooctylbromide (PFOB) in this controversy is 
trivial. 

The fluorochemicals suspected of harming the ozone layer are the 
low molecular weight, highly volatile chlorofluorocarbons (CFCs) [2]. 
The 1987 Montreal Protocol calls for a 50% cut in consumption and 
production of the one- and two-carbon CFCs by 1999. Although it 
has been shown that CFCs can cause depletion of ozone, the 
percentage of change in ozone that is caused by CFCs as compared 
with that caused by nitrogen oxides and other gaseous substances 
released by industry, domestic heating, vehicles, volcanoes, and 
algae and by the natural variations between the peak and the trough 
of the solar sunspot cycle is controversial [3, 4]. More reliable 
measurement techniques than are presently available are needed to 
monitor the ozone layer and to determine the share of each offending 
agent [3]. The apparently lax timetable set by the Montreal Protocol 
is to give industry the opportunity to find replacements for these 
thermodynamically efficient, nontoxic, nonflammable, nonreactive, 
stable compounds with others that have similar properties but lack 
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the ability to harm the ozone layer [5]. CFCs were singled out from 
the various other offenders because their source is obvious and 
controllable. However, their replacement is proving to be difficult, 
expensive, and nontrivial. Alternative agents must permit smooth 
transition and yet not require the replacement of existing equipment 
such as refrigerators, air conditioners, and so forth [5]. 

it is true that the presence of bromine in the stratospheric ozone 
layer is potentially more destructive than chlorine because the two 
act synergistically. However, the very low levels of bromine detected 
in the ozone layer cannot account for the recorded depletion of ozone 
[2]. The halons implicated are the ones capable of reaching the ozone 
stratosphere in sufficient volumes. These agents are also made up 
of one or two carbon chains and are used mostly for fire fighting 
because of their favorable physicochemical properties. These halons 
also have been included in the Montreal Protocol and are subject to 
the same timetable set therein. 

Although PFOB is a potential hazard to the ozone layer because 
of its molecular structure, its effect is insignificant for two reasons. 
The first is its molecular weight, which influences the volatility and 
the ability of PFOB to reach the stratosphere. Of the highly volatile 
low molecular weight CFCs, CHFCl, and CHF.Cl, it is estimated that 
up to 3% and 12% of the volumes released reach the troposphere, 
respectively [6]. From the troposphere, where they are inert, a certain 
amount is carried upward by eddy diffusion to the stratosphere, 
where they are exposed to intense ultraviolet light. The low volatility 
of PFOB (17 mbar at 20°C), which is 100 to 1000 times less than 
that of the implicated CFCs, and its high molecular weight (499), 
which is five to six times heavier than the low molecular weight CFCs, 
decrease significantly its likelihood of reaching the troposphere or 
higher altitudes. 

The second reason for the insignificant effect of PFOB is the 
volume that potentially will be released. Even if PFOB could reach 
the troposphere, the volumes used are minimal when compared with 
the volumes of CFCs used as refrigerants, aerosols, cleansers, 
solvents, fire extinguishers, for foam blowing, and so forth, which are 
estimated to be near 2 million tons each year, or even the nitrogen 
oxides that occur naturally or from combustion that have been 
detected in the stratosphere and implicated in the depletion of ozone 
[4, 6]. Usage of PFOB in diagnostic imaging would be as an oral 
contrast agent for MR and as an IV agent for CT and sonography. It 
is estimated that by 1995, the volumes of PFOB used for diagnostic 
imaging would be on the order of 400 tons/year (Alliance Pharm. Inc., 
La Mesa, CA, personal communication). The dosage or volume of 
PFOB required for MR is 10 times that required for CT or sonography. 
Because the probability that other agents may become available to 
compete with PFOB as an oral contrast agent is much greater than 
those that could compete with its CT or sonographic applications, 
the exact tonnage that will be used is uncertain. If 400 tons is the 
volume used, it would constitute 0.025% of the total amount of 
fluorocarbons used by 1995 and 0.05% by 1999, after the Montreal 
Protocol takes effect. 

Given the smail volumes that will be used and the low volatility and 
high molecular weight of PFOB that will limit its presence in the 
stratosphere, and its important and needed contributions to diagnos- 
tic imaging, the benefits far outweigh the risk. Indeed, in medical 
applications we face these issues daily. Regard, for example, the use 
of many radioisotopes with long half-lifes in diagnostic and research 
applications and the gas anesthetics that are highly volatile, one- to 
three-carbon halons such as halothane (CF;CHBrCi), teflurane 
(CF;CHBrF), or halopropane (CF2HCF2CH.Br) that are used in millions 
of procedures. Would we prefer to go back to ether? 

Robert F. Mattrey 
University of California, San Diego, Medical Center 
San Diego, CA 92103 
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Clinical Significance of Traumatic Pneumorrhachis 


Traumatic cervical ppeumorrhachis (air in the spinal canal) originally 
was described in a patient with basilar skull fracture [1]; the air was 
in the cervicalssubarachnoid space. A second example occurred in a 
patient who had fracture dislocation of the lumbar spine with entrap- 
ment and perforation of the jejunum [2]. It was not possible to 
determine whether the air was extradural or intradural. We have 
detected:pneumorrhachis in a patient with traumatic pneumothorax. 

A 25-year-eld man complained of neck and chest pain after an 
automobile accident. A chest radiograph showed a left-sided pneu- 
mothorax anc fractures of the left first and second ribs. A CT scan 
of the cervical spine (Fig. 1) showed air outlining the left C8 nerve 
root and pneumorrhachis. CT scans of the brain and abdomen were 
normal. 

Pneumothcrax should be considered an additional cause of pneu- 
morrhachis. Ir this case, we think that air dissected from the pneu- 
mothorax inte the soft tissues of the neck, along the nerve root 
sheath, and sebsequently into an extradural location within the spinal 
canal. 

On CT examination, extradural pneumorrhachis is difficult to dif- 
ferentiate from subarachnoid pneumorrhachis. Therefore, in patients 
with traumatic pneumothorax, the finding of ppeurnorrhachis on plain 
films or CT scans of the cervical spine should prompt further workup 
to rule out basilar skull fracture. 

James N. Place 
Roger T. Pezzuti 
Maine Medical Center 
Portland, ME 04102 
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Fig. 1.—Traumatic pneumorrhachis. 

A, CT scan of cervical spine at level of C8 nerve root shows air in lateral 
recess on left. Note marked soft-tissue emphysema. 

B, CT scan & mm caudad to A shows air extending within left C8 neural 
foramen and acound nerve root. 
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MR Detection of Probable Hematopoietic 
Hyperplasia Involving the Knees, Proximal Femurs, 
and Pelvis 


Before the publication of the recent article by Deutsch et al. [1], 
we saw a 36-year-old, moderately obese woman who had been 
having increasing pain in the left distal femur since removal of a giant 
cell tumor from the left lateral tibial plateau 1.5 years earlier. Frontal 
and lateral radiographs of the knee were normal except for the 
postsurgical bone packing changes in the left tibia. 

A lower extremity °°"Tc-MDP bone scan showed increased uptake 
only in the area of previous surgery. Because of persisting pain with 
ambulation, MR imaging was performed. The findings were inter- 
preted as mixed signal changes in the area of bone packing. The 
patient was reassured that her pain was most likely postsurgical and 
that loss of weight should decrease the discomfort. 

Seven months later, MR imaging of the knee was performed again 
because of persistent pain in the left knee. The mixed signal intensity 
at the previous surgical site was unchanged, when compared with 
the previous MR images. Mottled confluent areas of decreased signal 
intensity involving the bone marrow of the metaphysis of the left tibia, 
sparing the epiphysis, were seen on all pulse sequences (T1, T2, and 
proton density). These changes were present on the previous images 
and appeared to have increased in size. Similar MR findings were 
observed within the marrow space of the contralateral knee. Subse- 
quent MR of the pelvis showed similar findings in the iliac crests, left 
acetabulum, and proximal femurs (Fig. 1). 

The results of a peripheral blood smear, CBC with differential, and 
hemoglobin electrophoresis were all normal. A biopsy specimen of 
bone marrow from the left ilium initially was interpreted as normocel- 
lular with negative iron balance. The patient refused open femoral 
biopsy, and deeper sections of the original biopsy specimen were 
evaluated. They showed numerous well-circumscribed vascular si- 
nusoidal spaces filled with erythrocytes that were thought to be 





Fig. 1.—Probabie hematopoietic hyperplasia. 

A, Coronal MR image, 650/25, of pelvis shows mottled areas of de- 
creased signal (arrows) within bone marrow of iliac bones. 

B, Sagittal MR image, 800/20, of proximal right femur shows decreased 
signal (arrow) in bone marrow in metadiaphyseal region. 
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atypical but benign. A °"Tc-albumin colloid marrow scan showed 
increased uptake in the bone marrow of the distal humeri and femurs. 
These findings are strikingly similar to those described by Deutsch 
et al. This patient is a moderately obese woman with areas of low 
signal within the bone marrow adjacent to the knees that were found 
incidentally on MR. This case differs in that the changes also were 
seen in the proximal femurs and pelvis, particularly the iliac crests, 
and in the left acetabulum. In addition, a bone marrow scan revealed 
changes consistent with hemapoietic marrow extension into the distal 
femurs and humeri. It is uncertain whether the apparent increase in 
the area of involvement over 7 months is related to the differences in 
pulse sequences from different MR units or is a result of increasing 
hematopoietic hyperplasia. It is known that the hyperplasia or fatty 
marrow reconversion occurs in the distribution shown by our MR 
images and marrow scans [2]. Interestingly, this patient's hematocrit 
was 31% (normal 35-47%) at the time of the surgery and is now 
normal. Finally, the vascular sinusoidal spaces seen on deeper sec- 
tioning of the bone marrow sections may, in part, account for the 
decreased signal observed on the MR images. It seems reasonable 
to extrapolate these findings to include the remainder of the involved 
bone marrow. 
John E. Schuck 
David J. Czarnecki 
St. Luke's Medical Center 
Milwaukee, WI 53215 
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Reply 


We thank Drs. Schuck and Czarnecki for sharing with us their 
recent experience with a case of hematopoietic hyperplasia encoun- 
tered incidentally on an MR examination performed for evaluation of 
pain after removal of a giant cell tumor of the proximal tibia. We agree 
that the MR findings are similar to those described in our recent 
article [1] and are representative of hematopoietic hyperplasia. Inter- 
estingly, the patient described by Schuck and Czarnecki also was a 
moderately obese female, a clinical finding shared by a majority of 
the patients in our original report. A marrow scan performed with 
*™T¢-sulfur colloid showed increased uptake in the bone marrow of 
both the distal humeri and femora. MR of the pelvis also showed 
characteristic findings of hematopoietic hyperplasia in the pelvis and 
proximal femora. 

Although in our experience with knee imaging we have continued 
to observe hematopoietic hyperplasia most commonly in obese 
women, we wish to emphasize that similar findings have been ob- 
served in several male patients, not all of whom have been obese. 
Although we have not had the opportunity to perform marrow scans 
on any of our patients, the increased uptake encountered in the 
patient reported by Schuck and Czarnecki is what would be expected 
with this process of marrow hyperplasia. Additionally, the findings 
within the pelvis and proximal femora on MR are entirely consistent 
with this process of hematopoietic hyperplasia. Since our original 
report, we also have performed “survey” MR on one patient, and we 
saw characteristic findings in the pelvis and the proximal femora and 
humeri. We often find small areas of decreased signal intensity in the 
medullary bone of the proximal humeri in patients undergoing shoul- 
der MR for evaluation of suspected abnormalities of the rotator cuff. 
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We have presumed that these findings represent isolated foci of 
hematopoietic marrow, but we have not studied these patients criti- 
cally. 

As we suggested in our paper, it is likely that the incidental 
depiction of marrow abnormalities will be encountered more often, 
paralleling the increased use of MR in musculoskeletal imaging. 
Although the findings of hematopoietic hyperplasia eventually may be 
found to represent normal variants in most patients, we remain 
cautious in this regard, particularly when the findings are extensive. 

Andrew L. Deutsch 

Jerrold H. Mink 
Cedars-Sinai Medical Center 
Los Angeles, CA 90048 
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Semiautomated Slide Identification by Using a 
Personal Computer and Printer 


| read with interest Dr. Feuerstein’s description [1] of his program 
for semiautomated slide identification by using a personal computer 
and printer. It is an excellent example of the usefulness of the personal 
computer for the professional needs of the everyday working radiol- 
ogist. His article does not directly address the issues of slide storage 
and retrieval. | have found that the most efficient method for storage 
and retrieval of slides is to assign each slide a unique number and 
then store the slides in ascending numerical order in notebooks [2]. 
In my own Case, | wrote a simple database program in which key 
words or subjects are entered for each slide, and the program then 
assigns the slide a number. For example, a slide showing a broncho- 
genic cyst on CT might be given the number 206 and have the 
following subjects entered into the program: chest, lung, medias- 
tinum, anomaly, CT, bronchogenic cyst. The label on the slide itself 
would be “206, 57 y/o male with a bronchogenic cyst.” There is no 
need to put CT on the slide label as it is evident from looking at the 
slide. 

Retrieval of slide information is performed through sorting by the 
slide “subjects.” | have found that using and searching on well- 
thought-out key words is far easier than using the American College 
of Radiology (ACR) Index for Radiologic Diagnoses. | do not have to 
look up or try to remember a complex numeric code. The important 
concept is the idea of numbering and storing slides in notebooks or 
boxes in consecutive numeric order rather than storing them by 
subjects. This has been advocated for a long time for journal reprints 
[3]. If a person is meticulous about labeling and placing slides in the 
proper place, the slides will never get out of order. If you store slides 
by the ACR index or by diagnoses, where do you place a slide that 
shows two disparate diagnoses? How would you store a slide 
showing a CT image of the pelvis with the presence of a pelvic 
abscess from diverticulitis and the presence of lymphoma involving 
pelvic lymph nodes? Is it stored with your CT slides, your pelvis 
slides, your abscess talk, or with its ACR index for lymphoma? In the 
consecutive numbering scheme, this slide would have its own unique 
number, and its location and the diagnoses would be available 
through the computer. 

If you have 200 slides of various abscesses, they may be scattered 
from slide number 7 to number 3000. The computer remembers the 
exact location of each one. It is no real problem to walk over to the 
storage cabinet or bookshelves and pull down the proper boxes or 
notebooks to retrieve them. You can use any straightforward data- 
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base program to keep track of them, or write your own [2]. Dr. 

Feuerstein’s program takes the work out of making labels for slides. 

It also allows for a filing code. Because he has made his program 

available to-athers, its code could be modified to give each slide its 

own number, and you would then have a program that does most of 
your slide housekeeping for you. 

Tim B. Hunter 

Arizona Health Sciences Center 

Tucson, AZ 85724 
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Reply 


| thank Or. Hunter for his insightful commentary on my recent 
article [1]. His comments graphically illustrate the prime reason | 
wrote that @aper. The beauty of home-grown computer programs is 
that they serve the individual programmer, performing specifically 
needed furctions in a manner ideally suited to the user's require- 
ments. 

No one program can satisfy everyone's purposes, but persons 
might impreve their own programs by assimilating small pieces from 
other programs. Extensively eliminating information about the case 
that appears on a slide would not work for me or for a helper who 
makes slides for other people. | trade a lot of slides, which would 
make the numbers meaningless, and | like filing slides by diagnoses 
because this method makes it much easier for me to assemble slides 
for lectures. and seeing material in one place helps me think about 
that material. It is a great feeling to reach into just one place and pull 
out the appropriate slides or articles on a subject, and for me that 
outweighs ‘he potential disadvantages. On the other hand, | could 
incorporate Dr. Hunter’s computer-generated number into the Amer- 
ican College of Radiology (ACR) index line, or perhaps even better, | 
could modify Dr. Hunter's program to return the ACR index code that 
the slide is tiled under. 

| suspect that there is a great deal of useful, home-grown software 
in the offices of radiologists. If my article and these letters lead to an 
exchange cf ideas and programs and promote development of other 
useful utiliies, then some good has been done. For now, | am the 
proud owner of a copy of Dr. Hunter’s SLIDE program, which | hope 
to modify end put to good use. 

Irwin M. Feuerstein 
Georgetown University 
Washington, DC 20007 
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Subhepztic Abscess Caused by Appendicitis 


A 22-year-old man had had progressive umbilical pain, vomiting, 
and fever far 2 days. At the time of admission, the pain had localized 
in the rightupper quadrant. The body temperature was 39°C. Phys- 
ical examiration showed decreased bowel sounds and guarding with 
rebound tenderness in the right upper quadrant. WBC was 16.200/ 
ul, and thesdifferential count was normal. Plain films of the abdomen 
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Fig. 1.—A and 8, CT scans show heterogeneous collection in subhepatic 
space extending to level of upper pole of right kidney. Stippled gas 
collection within complex mass contains a focus of calcification {arrow). 


showed calcifications in the right upper quadrant. A sonogram of the 
gallbladder was normal. CT scans showed a heterogeneous collection 
in the subhepatic space extending to the level of the upper pole of 
the right kidney. Stippled gas collection was noted within this complex 
mass. which contained a focus of calcification (density, 250 H) 
(Fig. 1). 

At surgery, a subhepatic abscess associated with a perforated 
appendix and incomplete colonic mairotation was found. The appen- 
dix was in the right upper quadrant adjacent to the gallbladder and 
contained a large fecalith. Incision and drainage of the abscess and 
appendectomy were performed. 

Anatomic variations in the position of the appendix result in unusual 
signs and symptoms of appendicitis. This is illustrated in this patient 
whose Clinical findings initially suggested gallbladder disease. 

Caroline Ngo 

University of California, Les Angeles 

Los Angeles County-Olive View Medical Center 
Sylmar, CA 91342 


Calcification of Metastatic Mucinous Carcinoma of 
the Liver After Embolization 


We report a rare case of calcification after chemotherapy and 
therapeutic embolization of metastatic mucinous carcinoma. A 32- 
year-old woman had bloody stool and abdominal pain. Cancer of the 
sigmoid colon with hepatic metastases was detected by barium 
enema and sonography at another hospital. She was referred to our 
hospital for treatment. On admission, the serum level of carcinoem- 
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Fig. 1.—Calcification of metastatic mucinous hepatic carcinoma after 
embolization. 

A, Initial CT scan shows metastases in both lobes of liver. No calcifica- 
tion is present, and approximate attenuation value of masses is 25 H. 

B, CT scan made 7 months later, after embolization and chemotherapy, 
shows extensive calcification in periphery of metastases. 
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bryonic antigen (CEA) was 423 ng/mi (normal, <5.0 ng/ml). Unen- 
hanced CT scans showed homogeneous low-density masses in both 
lobes of the liver without calcification (Fig. 1A). Pathologic examination 
of the resected sigmoid lesion showed mucinous carcinoma. Chemo- 
therapy with cisplatin and 5-fluorouracil was administered for 1 month, 
but the CEA level did not decrease. Therefore, the appropriate hepatic 
artery was embolized with gelatin sponge. The CEA level decreased 
to 13.9 ng/ml during the next 4 months. The patient was readmitted 
7 months after her first admission because of an increasing level of 
CEA. CT showed calcified deposits in the periphery of the hepatic 
tumors, especially in the left lobe (Fig. 1B). 

The initial CT appearance of the hepatic metastases was that of 
metastatic mucinous carcinoma. The lesions had homogeneous low 
density, with no peripheral low-density areas on late enhanced scans 
[1]. Also, little or no change in the internal density of the tumors was 
observed on late enhanced scans. A few cases of calcified hepatic 
metastases from colorectal mucinous cancer have been reported, 
but the calcification occurred in the center of the metastases [2]. 
Scatarige et al. [3] noted that the calcification had no relation to 
medical treatment in two-thirds of cases. In the other one-third, the 
patients had had chemotherapy or external radiotherapy. The calcifi- 
cations that occurred in our case appear to be the result of therapeutic 
embolization. 

Yukio Muramatsu 

Noriyuki Moriyama 

Kenichi Takayasu 

Tatsuya Yamada 

National Cancer Center Hospital 
Tokyo, 104 Japan 
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Obstructive Jaundice in Polycystic Disease of the 
Liver 


A 56-year-old man had had progressively increasing jaundice for 1 
month. Results of liver function tests indicated obstructive jaundice. 
A sonogram showed multiple hepatic cysts of various sizes; the 
largest was 5 cm and was near the porta (Fig. 1). The diameter of 
the common bile duct was 15 mm. Bilateral polycystic kidneys were 
seen also. An endoscopic cholangiopancreatogram showed medial 
displacement of the common hepatic bile duct with encasement and 
splaying of the intrahepatic radicles. The patient died before percu- 
taneous aspiration of the cyst at the porta could be performed. 

Though one-third of patients with polycystic disease of the kidney 
have cysts in the liver, compression of the bile ducts by these cysts 
sufficient to produce obstructive jaundice is uncommon and has been 
reported in only seven cases [1]. Surgical unroofing of the cysts is 
the recommended mode of treatment [1]; however, needle puncture 
and aspiration of the cyst compressing the bile duct are useful to 
alleviate jaundice temporarily [2]. 

Priti Shah 

Ravi Ramakantan 

King Edward Memorial Hospital 
Bombay, India 
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Fig. 1.—Obstructive jaundice in polycystic hepatic disease. 

A, Sonogram of liver shows multiple cysts. Cursor delineates largest 
cyst near porta. 

B, Frontal view from endoscopic cholangiopancreatogram shows extrin- 
sic mass displacing common bile duct (large arrow) with poor opacification 
of a long segment of common hepatic bile duct (smail arrow). 
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Transcatheter Arterial Embolization for the 
Treatment of Ruptured Hepatocellular Carcinoma 


Rupture of the tumor is not a rare complication of hepatocellular 
carcinoma [1]. Partial hepatectomy, ligation of the hepatic artery, 
packing, and suture are treatment choices [1]. However, these pro- 
cedures cannot be performed in patients who have severe liver 
dysfunction or poor general condition. We present a case of ruptured 
hepatocellular carcinoma with marked liver dysfunction that was 
treated successfully with transcatheter arterial embolization. 

A 36-year-old man was admitted because of abdominal pain. He 
had been followed in the outpatient clinic for advanced cirrhosis and 
hepatocellular carcinoma. Laboratory data before admission included 
the following: prothrombin time, 22.6%; serum albumin, 3.4 g/dl; 
total bilirubin, 4.2 g/dl; SGOT, 72 IU/di; and SGPT, 49 {U/dl. Pleural 
effusion and ascites had persisted despite administration of diuretics 
and albumin supplements. On admission, the patient was in acute 
distress. Because he was known to have hepatocellular carcinoma, 
rupture of the tumor was suspected. Paracentesis revealed bloody 
ascites. He soon became hypotensive and unconscious. Transcath- 
eter arterial embolization was performed without delay to control the 
bleeding. Right hepatic angiography showed a tumor stain 10 cm in 
diameter in the right lobe. Transcatheter arterial embolization was 
performed by using 2-mm cubes of gelatin sponge. A minimal amount 
of contrast medium was used. After treatment, the bleeding ceased, 
and the vital signs became stable. The patient was discharged on the 
28th day of hospitalization. 

Transcatheter arterial embolization has been performed widely for 
the treatment of hepatocellular carcinoma [2]. A few reports have 
described its use for treatment of a ruptured tumor [3, 4]. Although 
it is less invasive than surgical procedures, embolization is not used 
in patients who have severe liver dysfunction because of the possi- 
bility of causing hepatic failure. 

However, prognosis in cases of ruptured tumor that are treated 
conservatively is extremely poor; the mean survival time is approxi- 
mately 2 weeks [3]. Thus, transcatheter arterial embolization should 
be considered for immediate treatment of ruptured hepatocellular 
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carcinoma even:in: patients who have severe liver dysfunction or are 
in poor general condition. 

Shuichiro Shiina 

Kenji ibukuro 

Mitsui Memorial Hospital 

Tokyo, 107 Japan 
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Scrape Biopsy of Malignant Biliary Stricture: What 
Advantage Does the New Technique Offer? 


Yip et al. [1] describe a do-it-yourself technique for converting a 
smooth vessel dilator into a barbed biopsy instrument. During the 
course of biliary drainage procedures, they were able to pass this 
jagged device through the strictured duct, and they obtained cytologic 
samples indicative of malignancy in nine of 15 patients. As pointed 
out by the authors, the results were equal to those obtained by using 
a standard biopsy brush [2, 3]. We would like the authors to explain 
the advantages of this device compared with the biopsy brush. Why 
do they encourage readers to use this new technique? 

James B. Naidich 

Kenneth S. Crystal 

North Shore University Hospital 
Manhasset, NY 11030 

Corneil University Medical College 
New York, NY 10021 
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Reply 


We thank Drs. Naidich and Crystal for their letter about our recent 
article [1]. By the technique described, nine (60%) of 15 biopsy 


LETTERS 659 


specimens were positive for malignant cells; four (27%) showed 
cellular atypia suggestive of malignancy, and two (13%) were negative 
for malignant ceils. Retrospectively, the results in chronologic order 
were A, +, A, A. +, +, —, A, +, — (lymphoma), +, +, +, +, +. (A= 
cellular atypia, + = malignant cell positive, — = malignant cell nega- 
tive.) We noted that the cases of cellular atypia occurred in the first 
half of the study. This may be explained by improvements in the 
fashioning of the scraper and technique used during the biopsy in the 
second half of the study. The sensitivity in the second half of the 
study was 6/7 (85%). The Cook Company (William A. Cock, Mel- 
bourne, Australia) is going to make a kit, and this will be helpful to 
standardize the biopsy instruments. 

For brush biopsy, Mendez et al. [2] inserted the brush into a 6- 
French catheter, and the biopsy specimen was taken near the stric- 
ture. Cropper and Gold [3] modified the technique by first inserting a 
guidewire through the biliary stricture and then inserting a 9-French 
sheath above the stricture. Then the brush, which is inside a 5- to 6- 
French catheter, is advanced alongside the guidewire and through 
the stricture, and the biopsy is performed. As the brush and the 
supporting catheter are inserted only alongside the guidewire, we 
find the brush/catheter sometimes difficult to engage or to negotiate 
into the stricture. Prolonged manipulations may be needed, or the 
brushings can be taken only near but not in the stricture. The scraper, 
however, is a hollow instrument and can follow the guidewire through 
the stricture without difficulty. It is faster and more direct. It scrapes 
through the stricture instead of near the stricture. The scraper’s flaps 
are sturdier than the brush and more likely to scrape cells from the 
submucosal layer. The scrape biopsy technique may be superior if 
the bile duct lesion is still covered by a mucosal layer. In the study 
by Cropper and Gold [3], four (67%) of seven cases were positive 
for malignant cells, and three (43%) were false-negatives. For the 
scraper'’s technique, the false-negative rate was only 13%, and one 
of the two false-negatives was lymphoma, in which cytologic diag- 
nosis may be difficult. The scrape biopsy technique has fewer false- 
negatives. Although cellular atypia (27%) was not counted as positive, 
its discovery prompts further investigation, such as fine-neecle aspi- 
ration. 

In conclusion, we have found the scrape biopsy technique a simple, 
speedy, safe, and inexpensive technique. 

C.K. Y. Yip 

J. W. C. Leung 

M. K. M. Chan 

C. Metreweli 

Prince of Wales Hospital 

Shatin, New Territories, Hong Kong 
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AMERICAN JOURNAL OF ROENTGENOLOGY 
eens 


MELVIN M. FIGLEY FELLOWSHIP IN RADIOLOGY JOURNALISM 


The American Roentgen Ray Society announces a one-month fellowship in radiology 
journalism in the La Jolla editorial office of the AJR. Board-certified radiologists with 
special academic promise are invited to apply. 


PURPOSE 


CURRICULUM 


STIPEND 


APPLICATIONS 


The purpose of the fellowship is (1) to stimulate 
bright young radiologists to continue with an aca- 
demic career, to accelerate their progress, and to 
stimulate their interest in good radiology journal- 
ism, and (2) to improve the quality of radiology 
journals by teaching the fundamentals of medical 
journalism to academicians, training manuscript 
reviewers and future editors, and providing core 
teachers of medical journalism in radiology de- 
partments around the country. 


The fellow will be taught the fundamentals of 
medical writing, manuscript preparation, peer 
review, manuscript editing, the ethics of scientific 
journalism, and journal publication and printing in 
personal tutorials given by the AJR editors and 
editorial staff through hands-on experience in the 
editorial office. He or she will visit Williams & 
Wilkins in Baltimore to observe the publication 
and printing process. 


The successful candidate will be awarded $10,000, 
which includes the cost of travel to La Jolla and 
Baltimore, living expenses for the month, and an 
honorarium. 


Candidates should apply in writing to Robert N. 
Berk, M.D., Editor-in-Chief, AJR Editorial Office, 
2223 Avenida de la Playa, Suite 200, La Jolla, CA 
92037. The letter must include a curriculum vitae 
and a description of the candidate's goals during 
the fellowship. Letters of recommendation from 
his or her department chairman and one other 
senior person are required. Deadline for receipt 
of applications is Nov. 1, 1989. The successful 
candidate will be notified Dec. 1, 1989, and may 
choose one of the following months for the fellow- 
ship training: Jan., Feb., March, April 1990. 
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Initials and addresses of corresponding authors are provided in 
parentheses for each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


The New England Journal of Medicine 


Analgesic use and chronic renal disease. Sandler DP, Smith JC, 
Weinberg DR, et al. (OPS, Epidemiology Branch, MD A3-05, National 
Institute c? Environmental Health Sciences, P. O. Box 12233, Re- 
search Trangle Park, NC 27709). N Engl J Med 320:1238-1243, 
May 1989 


To examine the use of analgesics as a cause of chronic renal 
disease, we performed a multicenter case-control study of 554 adults 
with newly diagnosed kidney disease (serum creatinine, 2130 „mol 
per liter [1.5 mg per deciliter]) and 516 matched contro! subjects 
selected randomly from the same area of North Carolina. Histories of 
use of analgesics (phenacetin, acetaminophen, and aspirin) were 
obtained by telephone interview with the patients or their proxies. 

Daily users ef analgesics had significantly more renal disease than 
infrequent users (odds ratio, 2.79; 95 percent confidence interval, 
1,85 to 4.51). The risk of renal disease was highest in daily users of 
phenacetir (odds ratio, 5.11; confidence interval, 1.76 to 14.9, after 
adjustmers for the effects of other analgesics). The risk of renal 
disease was also increased in daily users of acetaminophen; after 
adjustmer: for the use of aspirin and phenacetin, the odds ratio was 
3.21 (confidence interval, 1.05 to 9.80). There was no increased risk 
in daily aspirin users (adjusted odds ratio, 1.32; confidence interval, 
0.69 to 251). The risks with daily use of either phenacetin or 
acetaminophen changed little after adjustment for diabetes, hyperten- 
sion, and the indication for analgesic use. 

We corclude that the long-term, regular use of phenacetin may 
increase the risk of chronic renal disease. The long-term, daily use of 
acetaminophen, the major metabolite of phenacetin, is associated 
independently with an increased risk of chronic renal disease. We 
could find no increased risk in daily users of aspirin. 


Bronchial syperresponsiveness to methacholine in patients with 
impaired feft ventricular function. Cabanes LR, Weber SN, Matran 
R, et al. (RC. Service de Cardiologie, Hôpital Cochin, 27 rue du 
Faubourg 5t.-Jacques, 75014 Paris, France). N Engi J Med 320 
(20):1317~1322, 1989 


To elucidate the pathogenesis of bronchospasm ir congestive 
heart failure, we studied 23 patients with chronic impairment of left 
ventricular function due to coronary artery disease or dilated cardio- 
myopathy. In 21 of them we found marked bronchial hyperrespon- 
siveness to methacholine. The mean dose (+SD) of methacholine 
that elicites a 20 percent decrease in the forced expiratory volume in 


one second (FEV,;) was 421 + 298 ug, nearly the same as in patients 
with symptomatic asthma. In contrast, there was no bronchial re- 
sponse to methacholine in 9 of 10 patients who had coronary artery 
disease but normal left ventricular function. 

Administration of the bronchodilator albuterol led to a partial (43 
percent) reversal of the methacholine-induced bronchial obstruction. 
In 12 patients, pretreatment with the alpha-adrenergic agonist meth- 
oxamine (10 mg by inhalation), a potent vasoconstrictor, fully pre- 
vented the methacholine-induced decrease in FEV;. The protective 
effect of methoxamine was blocked by the alpha-adrenergic antago- 
nist phentolamine in all six patients who received this agent. 

We conclude that bronchial hyperresponsiveness to cholinergic 
agonists is frequent in patients with impaired left ventricular function 
and may contribute to the wheezy dyspnea commonly observed in 
such patients. The bronchoconstriction may be mediated at least in 
part by dilatation of the bronchial vessels. 


Cancer 


Epidural metastases in prospectively evaluated veterans with 
cancer and back pain. Ruff RL, Lanska DJ (RLR, VA Medical Center 
127(W), 10701 East Blvd., Cleveland, OH 44016). Cancer 63:2234- 
2241, 1989 


Ninety-five male veterans with cancer and back pain were pro- 
spectively evaluated for epidural metastases. The evaluation included 
vertebral roentgenograms and a myelogram. The most common 
cancers were lung and prostate. Forty-three percent of the patients 
had an epidural metastasis, including 73% of the 37 patients with 
myelopathy and 48% of the 29 patients with radiculopathy. None of 
the 29 patients who had back pain without radiculopathy or myelop- 
athy had an epidural metastasis. Thirty-seven patients were treated 
with only radiation therapy and dexamethasone and four also had 
surgical decompression. Nineteen of the 20 patients who could walk 
at diagnosis walked after completion of therapy, whereas, only 11 of 
the 21 patients who were not ambulatory at the time of diagnosis 
walked after completion of therapy. The probability of surviving 12 
months was 73% for patients who could walk after treatment and 
9% for nonambulatory patients. Emergency spinal canal imaging is 
warranted in cancer patients with back pain and signs or symptoms 
of radiculopathy or myelopathy. 


Reprinted by permission from the American Cancer Society. 


Gastroenterology 


Costs of medical and surgical treatment of duodenal ulcer. Son- 
nenberg A (AS, Dept. of Medicine, Veterans Administration Medical 
Center, Milwaukee, WI). Gastroenterology 96:1445-1452, 1989 
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Proximal gastric vagotomy and intermittent and maintenance ther- 
apy with H2-antagonists have all been claimed to be effective in long- 
term management of duodenal ulcer disease. The model of a Markov 
chain was used to compare their costs by a medical decision analysis. 
The high price of the initial procedure made proximal gastric vagotomy 
the most expensive therapy, its costs rising from $10,600 after 1 yr 
to $12,200 after 15 yr. The average costs of intermittent therapy per 
patient rose from $500 to $7500. Maintenance therapy cost as much 
as intermittent therapy but provided 8% and 4% more time spent 
free of ulcer relapse and pain, respectively. In a sensitivity analysis, 
the order of the therapeutic options regarding their cost-effectiveness 
remained robust to changes in the assumptions underlying the model. 
In a European health care system, the initial surgical procedure cost 
only one-seventh of the average annual income compared with two- 
thirds in the United States, and proximal gastric vagotomy turned out 
to be the cheapest therapy after 6 yr. These results suggest that 
maintenance therapy provides the best long-term management. Gas- 
tric surgery may represent a cost-effective measure of ulcer preven- 
tion in Europe but not in the United States. 


Reprinted with permission by the American Gastroenterological Association. 


Endosonography and computed tomography of esophageal car- 
cinoma: preoperative classification compared to the new (1987) 
TNM system. Tio TL, Cohen P, Coene PP, Udding J, Jager FCADH, 
Tytgat GNJ (TLT, Dept. of Gastroentero-hepatology, Academic Med- 
ical Center, Amsterdam, the Netherlands). Gastroenterology 96: 
1478-1486, 1989 


Transesophageal endosonography and computed tomography 
were performed preoperatively in 74 patients with an esophageal 
carcinoma. The results were correlated with the histology of resected 
specimens according to the new (1987) TNM classification. Endoson- 
ography was superior to computed tomography in the evaluation of 
the depth of tumor infiltration, especially in the early stages and in 
nonresectable carcinoma (overall accuracy: endosonography 89%, 
computed tomography 59%). Endosonography was also more ac- 
curate than computed tomography in the assessment of regional 
lymph node metastases (overall accuracy: endosonography 80%, 
computed tomography 51%). The incidence of lymph node metastasis 
increased with the progression of the depth of tumor infiltration. The 
definitive exclusion factor for endosonography is severe stenosis, 
which cannot be passed with the instrument (26% of the cases). In 
these cases computed tomography was superior to endosonography 
in diagnosing celiac lymph node metastasis (overall accuracy: com- 
puted tomography 82%, endosonography 68%). 

Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Upper esophageal sphincter tone and reactivity to stress in pa- 
tients with a history of globus sensation. Cook IJ, Dent J, Collins 
SM (SMC, Room 3N5C, Intestinal Diseases Research Unit, McMaster 
University Medical Centre, 1200 Main St. W., Hamilton, Ontario, L8N 
3Z5, Canada). Dig Dis Sci 34(5):672-676, May 1989 


Anxiety and abnormal upper esophageal sphincter function have 
been ascribed ill-defined roles in the etiology of globus sensation. In 
this study, we examined the psychological profile and effect of acute 
mental stress (dichotic listening task) on UES tone in seven patients 
reporting to the clinic with globus sensation and 13 healthy controls. 
Alterations in heart rate, blood pressure, frontalis EMG, and skin 
conductance confirmed the effectiveness of the stress test in patients 
and controls. During resting conditions, UES pressure (mean + SE) in 
patients (40.4 + 4.6 mm Hg) did not differ significantly from controls 
(46.5 + 4.7 mm Hg). in response to stress, UES pressure rose by 
31% in patients (P = 0.04) and by 25% in controls (P = 0.002). The 
stress-induced rise in UES pressure in patients (9.5 + 3.8 mm Hg) 
was not significantly different to that observed in controls (11.8 + 3.0 
mm Hg). Psychological profiles of globus patients presenting to the 
clinic revealed them to be more introverted, anxious, neurotic, and 
depressed than normal controls. We conclude that in patients with a 
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history of globus sensation, resting UES pressure and its response 
to stress is normal. Although individuals presenting to the clinic with 
globus sensation showed increased levels of psychoneurosis, acute, 
predictable stress is not a factor in the genesis of globus sensation. 
UES hyperresponsiveness to other stimuli or subjective intolerance 
to changes in UES pressure could account for symptoms of globus 
sensation. 


Intestinal infections in patients with acquired immunodeficiency 
syndrome: a prospective study in 132 patients. René E, Marche 
C, Regnier B, et al. (ER, Service de Gastroentérologie, Hôpital Bichat, 
46, rue Henri Huchard, 75877 Paris Cedex 18, France). Dig Dis Sci 
34(5):773-780, May 1989 


We studied prospectively 132 patients with acquired immunodefi- 
ciency syndrome to define the spectrum of enteric pathogens during 
this disease, with special reference to the correlation between the 
lesions, the infections, and the symptoms. Forty-four percent of the 
patients harbored at least one enteric pathogen: the most frequently 
recovered were Cryptosporidium (28), cytomegalovirus (16), Enta- 
moeba histolytica (13), Giardia lamblia (9), and Mycobacterium avium 
intracellulare (7). Patients harboring pathogens were more likely to 
be diarrheics (69%) than patients without a pathogen (38%; P = 0.01) 
and more likely to have endoscopic lesions (29%) than patients 
without a pathogen (4%; P < 0.001). The most common pathogen 
associated with diarrhea was Cryptosporidium. Cytomegalovirus, 
Entamoeba histolytica, and Sa!monella typhimurium were each signif- 
icantly associated with endoscopic lesions. Patients with cytomeg- 
alovirus infection tended to have a greater incidence of ulcer than 
patients without cytomegalovirus infection. Stool analysis diagnosed 
61% of the infections, while endoscopy diagnosed 44%. Seven 
percent were recognized by stool analysis and endoscopy. When 
considering the 24 patients in whom accurate diagnosis warranted 
endoscopic biopsies, stool examination alone would have given an 
incomplete diagnosis in 14 patients (due to the presence of polyinfec- 
tion). The frequency of inaccurate diagnosis of infection by stool 
determination alone, plus the development of new antiviral agents 
that suppress cytomegalovirus, may favor the earlier application of 
endoscopic evaluation in these patients. 


Gastrointestinal Endoscopy 


Hepatic clonorchiasis—study by endoscopic retrograde cholan- 
giopancreatography. Leung JWC, Sung JY, Chung SCS, Metreweli 
C (JWCL, Dept. of Medicine, Prince of Wales Hospital, Shatin, NT, 
Hong Kong). Gastrointest Endosc 35:226-231, 1989 


An endoscopic retrograde cholangiographic study of 31 consecu- 
tive cases of hepatic clonorchiasis was performed. Filamentous wavy 
and/or elliptical appearance o the worm is a pathognomonic finding 
on ERCP examination. Significant dilation of the second and third 
generation bile ducts, and dilation and blunting of the terminal 
branches of the biliary tree are also common findings. 


Endoscopic ultrasonography in esophageal diseases. Dancygier 
H, Classen M (HD, Medizinische Klinik und Poliklinik der Technischen 
Universitat Munchen, Klinikum rechts der Isar, Ismaninger Str. 22, 8 
Munich 80, Federal Republic of Germany). Gastrointest Endosc 
35:220-225, 1989 


Endoscopic ultrasonography (EUS) was performed prospectively 
in 38 patients with various esophageal disorders. Twenty-four had a 
histologically proven carcinoma and EUS was done to assess its 
ability in preoperative staging. in 9 of 24 patients (37.5%), tumor 
stenosis could be passed with the endoscope and EUS preoperative 
findings regarding tumor extension and the presence of enlarged 
periesophageal lymph nodes were confirmed in those operated on 
(n = 4). In five patients with achalasia, a periesophageal tumor was 
reliably excluded by EUS. In one of four patients with Barrett's 
esophagus, EUS demonstrated a small (<1 cm) carcinoma that could 
not be visualized with any conventional technique. For differentiation 
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of cancer currence after operation from periesophageal scar tissue 
EUS-guided transmural biopsies are needed. Our experience shows 
that at the present time EUS is the most reliable method to demon- 
strate small (<1 cm) intra- and extramural esophageal lesions and 
that it should therefore be applied early in the work-up of patients 
with dysphagia. 


Endoscopic ultrasonography in the differential diagnosis of pan- 
creatic disease. Kaufman AR, Sivak MV Jr (MVS, The Cleveland 
Clinic, 9509 Euclid Ave., Cleveland, OH 44106). Gastrointest Endosc 
35:214-279, 1989 


Endoscapic ultrasonography was performed in 25 patients with 
suspected pancreatic disease. Cancer of the pancreas was recog- 
nized in & of 10 cases with 1 false negative and 2 false positive 
diagnoses: Chronic pancreatitis was recognized in 89% of cases. 
Technical difficulties limited the success of the examination in 24% 
of cases. The presence or absence of pancreatic disease can be 
determined in most cases by endoscopic ultrasonography. Differential 
diagnosis Sy endoscopic ultrasonography (EUS) is correct in the 
majority of cases. We have not discovered any specific EUS finding(s) 
that are pathognomonic for pancreatic cancer or chronic pancreatitis. 


Effect of aging on the pancreatic ducts: a study based on endo- 
scopic retrograde pancreatography. Anand BS, Vij JC, Mac HS, 
Chowdhury V, Kumar A (BSA, G. B. Pant Hospital, New Delhi, 110 
002 India); Gastrointest Endosc 35:210-213, 1989 


Studies: in the West have shown that with advancing age there is 
progressive atrophy and fibrosis of the pancreas. In addition, there is 
a gradual ‘increase in diameter of the main pancreatic duct (MPD) 
with age. However, there is a discrepancy between the findings at 
autopsy and findings at endoscopic retrograde pancreatography 
(ERP). Towexamine this issue, ERP of subjects who were found not 
to show any abnormality of the biliary and pancreatic ducts were 
selected. They were divided by decade from 10 to 70 years and for 
statistical analysis into young (<40) and older (240) patients. There 
was no difference in length of the MPD between the two groups. 
However, the width of the MPD in the head was significantly greater 
in the oler subjects (group 2; mean + SD = 3.78 + 0.97 mm) 
comparec with those who were <40 years (group 1; 2.97 + 0.71 
mm; p < 9.001). Similarly, in the midbody the width of the MPD in 
group 2 (2.86 + 0.9 mm) was significantly greater compared with 
group 1 (£36 = 0.51 mm; p < 0.02). However, there was no difference 
in width cf the MPD in the tail between the two groups. Length of 
the accessory pancreatic duct (APD) did not show any alteration with 
age but width was significantly greater in group 2 (1.94 + 0.69) 
comparec with group 1 (1.49 + 0.51; p < 0.05). No difference was 
observed in the length and width of the MPD or APD between male 
and female subjects of either group. It is concluded that aging results 
in the dilaton of both the MPD and APD; this alteration is seen mainly 
after the sixth decade. 


Scandinavian Journal of Gastroenterology 


Correlaticn between galistones and abdominal symptoms in a 
random population: results from a screening study. Glambek |, 
Arnesjø B, Søreide O (IG, Dept. of Surgery, University of Bergen, 
5021 Haukeland sykehus, Bergen, Norway). Scand J Gastroenterol! 
24:277-231, 1989 


A popu.ation sample of 2464 persons between 20 and 70 years of 
age was included in a screening study designed for establishing 
galistone prevalence rates and the frequency distribution of abdomi- 
nal symptoms in groups with and without gallstone(s). The response 
rate was 55.6%. Two hundred and eighty-five persons had unoper- 
ated gallstone disease, as diagnosed by ultrasound. They were 
comparec with 1044 individuals without ultrasonographically de- 
tected gallstones. The frequency distribution of epigastric and/or 
substernal burning, upper or lower abdominal pain, intolerance to 
fatty food. nausea and/or vomiting, and jaundice was similar for the 
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two groups. Of the screened population 35% have had to see a 
physician for abdominal symptoms, with no difference between the 
two groups. In conclusion, abdominal symptoms are common in 
individuals with and without gallstone(s), but no differences were 
found in frequency distribution of symptoms between the groups. 
Consequenily, gallstone disease is asymptomatic in the vast majority 
of individuals. The high proportion of abdominal symptoms in the 
population with gallstone(s) combined with increasing ultrasono- 
graphic activities may lead to unjustifiable cholecystectomies. 


Intestinal cancer in patients with Crohn’s disease: a population 
study in central Israel. Fireman Z, Grossman A, Lilos P, et al. (T. 
Gilat, Dept. of Gastroenterology, Ichilov Hospital, Tel Aviv 64239, 
Israel). Scand J Gastroenterol 24:346-350, 1989 


A population study of Crohn’s disease (CD) during the years 1970- 
1980 was performed in a defined area in central Israel with 1,400,000 
inhabitants. Three hundred and sixty-five patients with definite CD 
were identified, and a complete follow-up was obtained with particular 
attention to intestinal cancer. The mean follow-up time was 9.95 
years (range, 1-49 years). Forty-four per cent of the patients were 
operated on, but only a few had total colectomy or bypass operations. 
Only one patient developed colorectal cancer after 7 years of disease. 
The observed to expected ratio for this cancer was 1.14 at 10 years 
of disease and 0.73 at 20 years of disease. The incidence of colorectal 
cancer was not significantly different from the expected in the popu- 
lation. None of the patients developed small-bowel cancer. At least 
five patients had extraintestinal malignancies. A review of the litera- 
ture showed conflicting results with regard to cancer risk in CD. The 
risk was not significantly increased in the two existing population 
studies, including the present one. 


Clinical Orthopaedics and Related Research 


Osteogenesis imperfecta: perspectives. Stoltz MR, Dietrich SL, 
Marshall GJ (MRS, Orthopaedic Hospital, 2400 S. Flower St., Los 
Angeles, CA 90007). Clin Orthop 242:120-136, May 1989 


Osteogenesis imperfecta is a heterogenous group of inherited 
conditions arising from a variety of biochemical and morphological 
collagen defects. The broad manifestations of abnormalities in bones, 
teeth, scleri, ligaments, and other collagen-containing tissues point 
to the heterogeneity of the condition. Diagnosis in the neonatal period 
is based on clinical characteristics, roentgenograms, anc a detailed 
family history. Treatment is conservative when possible, and partic- 
ular attention is paid to the social development of the growing child 
as well as to genetic counseling for parents. Modes and surgical 
treatment include osteoclasis and percutaneous pinning for long- 
bone deformities in the infant and, in the child older than two years 
of age, segmentation and the use of telescoping rods. Surgical 
treatment of spinal deformity is dependent on the age of the patient 
and the severity of the condition. Biochemical research is being 
conducted using direct tissue analyses and analyses of cultured 
fibroblasts and osteoblasts. 


The Journal of Urology 


Radiographic assessment of renal trauma: a 10-year prospective 
study of patient selection. Mee SL, McAninch JW, Rebinson AL, 
Auerbach PS, Carroll PR (JWM, Dept. of Urology, University of 
California, San Francisco, CA 94143-0738). J Urol 141:1095-1098, 
May 1989 


To develop criteria to determine which patients require radiographic 
assessment after blunt renal trauma, we studied prospectively 1,146 
consecutive patients with either blunt (1,007) or penetrating (139) 
renal trauma between 1977 and 1987. Based on our preliminary 
results from 1977 to 1983, in which none of the 221 patients with 
blurt trauma and microscopic hematuria without shock had significant 
renal injuries, we designed a prospective study to determine if such 
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patients could be managed safely without radiographic staging. Dur- 
ing the last 10 years significant renal injuries were found in 44 patients 
(4.4 per cent) with blunt trauma and gross hematuria or microscopic 
hematuria associated with shock, and in 88 patients (63 per cent) 
with penetrating trauma. No significant injuries occurred in the 812 
patients with blunt trauma and microscopic hematuria without shock, 
404 of whom had complete radiographic assessment and 408 of 
whom did not. There were no delayed operations or significant 
sequelae related to the renal injury in these patients. 

We conclude that complete radiographic staging is mandatory in 
patients with penetrating trauma to the flank or abdomen and in 
patients with blunt trauma associated with either gross hematuria or 
microscopic hematuria and shock. However, patients with blunt 
trauma, microscopic hematuria and no shock who do not have 
associated major intra-abdominal injuries can be managed safely 
without excretory urography. 


Pediatrics 


Continuous infusion of low-dose urokinase in the treatment of 
central venous catheter thrombosis in infants and children. Bag- 
nall HA, Gomperts E, Atkinson JB (JBA, Division of Pediatric Surgery, 
Children’s Hospital, 4650 Sunset Bivd., Los Angeles, CA 90027). 
Pediatrics 83(6):963-966, June 1989 


Thrombotic occlusion is a frequent complication associated with 
the use of central venous catheters. The purpose of this study was 
to evaluate the efficacy of a continuous infusion of low-dose urokinase 
(200 U/kg/h) in clearing catheters that had not cleared after two bolus 
doses of urokinase in a pediatric oncology population. Fifty-eight 
incidents of catheter-related occlusions (49 Hickman-type catheters/ 
nine implantable ports) as documented by radiographic dye study 
occurred in 227 pediatric oncology patients with 254 central venous 
catheters during a 1-year period. Fourteen of 58 catheters failed to 
clear after two bolus instillations of urokinase (5,000 U and 10,000 
U). Thirteen catheters were treated for 24 hours with urokinase, 200 
U/kg/h, and one catheter with urokinase, 100 U/kg/h for 24 hours. 
Twelve catheters were used for study. Coagulation studies were 
monitored preinfusion, 12 hours into the infusion, and postinfusion. 
Patency was reestablished in 11/12 catheters (92%) with a mean 
infusion time of 28.7 hours. No coagulation abnormalities or clinical 
bleeding associated with the urokinase infusion occurred. Only one 
patient exhibited a prolonged partial thromboplastin time (>150 sec- 
onds); this was associated with a heparin effect. These data indicate 
that low-dose urokinase may be a safe and effective means to clear 
occluded central venous catheters in children. 


Reprinted by permission of PEDIATRICS © 1989. 


The Journal of Pediatrics 


Serum vitamin D metabolites in very low birth weight infants with 
and without rickets and fractures. Koo WWK, Sherman R, Succop 
P, Ho M, Buckley D, Tsang RC (WWKK, University of Alberta Hos- 
pitals, 3A3 Walter Mackenzie Health Sciences Centre, Edmonton, 
Alberta T6G 2B7, Canada). J Pediatr 114:1017-1022, 1989 


Seventy-one very low birth weight (< 1500 gm) infants were studied 
to determine the sequential changes in serum vitamin D metabolite 
concentrations between infants with and without radiographically 
documented rickets, fractures, or both (R/F). Usual intake of vitamin 
D included 20 IU/kg/day from parenteral nutrition or 400 [U/day 
supplementation with enteral feeding. Radiographs of both forearms 
and serum samples were obtained at 3, 6, 9, and 12 months. Twenty- 
two infants had R/F. At 3 months, significantly lower mean (+SEM) 
serum phosphorus levels (4.5 + 0.4 vs 6.1 + 0.2 mg/dl), higher 1,25- 
dihydroxyvitamin D (1,25-[OH]2D) concentrations (96 + 5 vs 77 + 4 
pg/ml), and higher free 1,25-(OH),D index (1,25-[OH],D:vitamin D 
binding protein ratio; 5.2 + 0.3 x 10° vs 4.0 + 0.2 x 10°) were found 
in the R/F group. These values returned to normal and were similar 
between groups on subsequent measurements. Serum calcium, mag- 
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nesium, and 25-hydroxyvitamin D (25-OHD) concentrations were 
normal and similar between groups. In both groups, serum vitamin D 
binding concentrations increased initially but remained stable and 
normal beyond 6 months. We conclude that in very low birth weight 
infants with R/F, the vitamin D status (as indicated by serum 25-OHD 
concentrations) is normal, anc that lowered serum phosphorus levels, 
higher serum 1,25-(OH)2D levels, and a higher free 1,25-(OH)2D index 
support the thesis that mineral deficiency (especially of phosphorus) 
may be important in the pathogenesis of R/F in small preterm infants. 


The Journal of Nuclear Medicine 


Penile blood flow by xenon-133 washout. Haden HT, Katz PG, 
Mulligan T, Zasler ND (PGK, Urology Section, Veterans Administration 
Medical Center, Richmond, VA 23249). J Nucl Med 30(6):1032-1035, 
June 1989 


Penile erectile failure is often attributed to abnormalities of vascular 
supply or drainage, but few direct measurements of penile blood flow 
have been made. We describe the xenon washout method for mea- 
surement of penile blood flow, and present the results obtained in a 
group of normal and impotent subjects. The procedure was per- 
formed with standard nuclear imaging equipment. Flaccid-state penile 
blood flow in the impotent patients studied was not significantly 
different from the normal group, suggesting that flaccid-state mea- 
surements may not be helpful in evaluation of erectile failure. How- 
ever, this method can be used to measure penile venous outflow with 
stimulated or induced erection, and may provide a method for de- 
tecting abnormal venous leakage. 


Beta dose point kernels for radionuclides of potential use in 
radioimmunotherapy. Prestwich WV, Nunes J, Kwok CS (CSK, 
Hamilton Regional Cancer Centre, Ontario Cancer Foundation, 711 
Concession ST., Hamilton, Ontario, L8V 1C3, Canada}. J Nucl Med 
30(6):1036-1046, June 1989 


Beta dose point kernels for P,°’Cu,°Y,'91,"8Re, and ‘Re nu- 
clides appropriate for radioimmunotherapy are calculated based upon 
Monte Carlo results. The calculations are shown to differ significantly 
from values based upon solutions to the electron transport equation. 
Agreement with experiment for *’P is found to be improved for the 
former as compared with the latter. Values of the scaled dose point 
kernels are tabulated at 4% intervals of the continuous slowing down 
approximation range for each of the six radionuclides. Beta dose 
distributions are also tabulated at corresponding distances from the 
source. This data may be used to calculate the spatial dose distri- 
bution expected following administration of radiolabeled monoclonal 
antibodies, aiding in optimum selection of the appropriate radio- 
nuclide. Parameters for functions providing analytic representation of 
the calculated scaled dose point kernels of individual beta groups are 
presented. 


Gastrointestinal Radiology 


Atrophic gastritis in pernicious anemia: diagnosis by double- 
contrast radiography. Levine MS, Paiman CL, Rubesin SE, Laufer 
1, Herlinger H (MSL, Dept. of Radiology, Hospital of the University of 
Pennsylvania, 3400 Spruce St., Philadeiphia, PA 19104). Gastrointest 
Radiol 14:215-219, 1989 


A retrospective study was performed to determine whether the 
areae gastricae pattern in the stomach or other radiologic features 
could be used on double-contrast upper gastrointestinal examinations 
to accurately diagnose atrophic gastritis in pernicious anemia. The 
double-contrast studies from 21 patients with pernicious anemia and 
55 age-matched controls were interspersed and reviewed blindly to 
assess gastric size, mucosal folds, and the areae gastricae pattern 
in the stomach. The best set of criteria for differentiating the perni- 
cious anemia group from the controls included a funda! diameter of 
8 cm or less, absent mucosal folds in the fundus or body, and small 
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{i.e., 1-2 mm in size) or absent areae gastricae. This combination of 
findings was present in 81% of patients with pernicious anemia but 
it also was present in 11% of the controls, so that atrophic gastritis 
in pernicious anemia could not be reliably diagnosed on radiologic 
criteria. Nevertheless, patients with pernicious anemia invariably had 
small or absent areae gastricae in the stomach, so that the presence 
of prominent areae gastricae, particularly in the fundus, may be a 
useful criterion for excluding this disease. 


Sonographic characteristics of small hepatocellular carcinoma. 
Choi BI, Kim C-W, Han MC, et al. (BIC, Dept. of Radiology, College 
of Medicine, Seoul National University, 28, Yeongun-Dong, Chongro- 
Ku, Seoul, 110-744, Korea). Gastrointest Radiol 14:255-261, 1989 


Fifty-four lesions of small hepatocellular carcinoma under 5 cm in 
diameter detected by real-time sonography were reviewed to char- 
acterize the sonographic feature. Twenty-nine lesions were smaller 
than 3 cm.in diameter and 25 were between 3 and 5 cm in diameter. 
Sonographic:characteristics of hepatocellular carcinoma were periph- 
eral hypoechoic halo (52%), lateral shadow (26%), posterior acoustic 
enhancement (44%), and mosaic pattern (24%) of the mass. Smail 
tumors less than 3 cm in diameter showed a hypoechoic pattern in 
half of the:cases, whereas most of the tumors between 3 and 5 cm 
in diameter showed a hyperechoic or mixed pattern. Posterior acous- 
tic enhancement was commonly seen in small tumors less than 3 cm 
in diameter, while a mosaic pattern was commonly seen in large 
tumors between 3 and 5 cm in diameter. These results suggest that 
sonography might be useful for the characterization of small hepato- 
cellular carcinoma. 


Digital videofiuerography for direct digital spot filming of gastroin- 
testinal studies. Steiner E, Mueller PR, Hahn PF, Taaffe J, Ferrucci 
JT (JTF, Dept. of Radiology, Massachusetts General Hospital, Fruit 
St., Boston, MA 02114). Gastrointest Radio! 14:193-201, 1989 


Digital videofluorography (DVF) refers to a new computer-aided 
televised fluoroscopy technique that uses short (10-20 ms) intense 
pulses of radiation to produce a motion-free latent image, which is 
then transferred into digital storage. Because gastrointestinal imaging 
has lagged behind other body systems in the evaluation of digita: 
acquisition, we investigated the potential utility of this technique for 
direct digital fluoroscopic spot filming of gastrointestinal examina- 
tions. 

in order to assess the level of clinical image quality achieved by 
this technique, we conducted an observer performance comparison 
study of digitally acquired and conventional analog 100 mm spot 
fims. Sequentialy acquired spot films and digital radiographs of 111 
anatomic regions in 60 patients undergoing routine barium and chol- 
angiographic examinations were compared. Evaluation was made of 
on-line interactive performance as well as side-by-side analysis of 
digital and analog hard copy images. Parameters evaluated include 
detection of normal and pathologic features, image contrast, image 
resolution, and image sharpness. Direct digital and analog spot films 
were of comparable diagnostic quality in all parameters studied. 
Added benefits of the digital mode included postprocessing to en- 
hance detail in regions of low contrast and accommodation of a large 
field of view (74 inch) image intensifier format. 


Pediatric Radiology 


The CT and MR evaluation of migrational disorders of the brain. 
Part Il. Schizencephaly, heterotopia and polymicrogyria. Byrd SE, 
Osborn RE, Bohan TP, Naidich TP (SEB, Division of Neuroimaging, 
Dept. of Radiclogy, Children’s Memorial Hospital, Northwestern Uni- 


REVIEW OF CURRENT LITERATURE 665 


versity Medical School, Chicago, IL). Pediatr Radiol 19:219-222, 
1989 


The migrational disorders are a rare group of congential malfor- 
mations of the brain. They consist of the following entities ~ lissen- 
cephaly (agyria - pachygyria), pachygyria, schizencephaly, heteroto- 
pia and polymicrogyria. We studied 40 children with migrational 
disorders radiologically with CT and MR. This article (Part |!) deals 
with our patients with schizencephaly, heterotopia and polymicrogy- 
ria. These patients presented clinically with a variety of symptoms. 
The most common were seizures, delayed development, failure to 
thrive and hydrocephalus. CT and MR both demonstrated the char- 
acteristic findings in all of our patients except the polymicrogyria 
group. The gray matter and cleft abnormalities seen in these disorders 
were demonstrated with CT and MR. However, MR provided better 
delineation of these disorders than CT. Because some forms of 
migrational disorders can be inherited, it is extremely important for 
the radiologist to understand the characteristic findings for correct 
diagnosis which is essential for parental counseling. 


Radiographic findings in liveborn triploidy. Silverthorn KG, Houston 
CS, Newman DE, Wood BJ (KGS, Dept. of Radiology, University 
Hospital, Saskatoon, Saskatchewan, Canada). Pedietr Radiol 
19:237-241, 1989 


The detailed radiographic features of triploidy, a fatal congenital 
disorder with 69 chromosomes, have not previously been reported. 
Radiographs of ten liveborn infants with chromosomally confirmed 
triploidy showed six findings highly suggestive of this diagnosis: 
harlequin orbits, small anterior fontanelle, gracile ribs, diaphyseal 
overtubulation of long bones, upswept clavicles and antimongoloid 
pelvis. Sixteen other less specific findings showed many similarities 
to those found in trisomy 18. 


Journal of Ultrasound in Medicine 


Chromosomal abnormalities in fetuses with omphalocele: signif- 
icance of omphalocele contents. Nyberg DA, Fitzsimmons J. Mack 
LA, et al. (DAN, Dept. of Radiology, 1229 Madison St., Ste. 1150, 
Seattle, WA 98104). J Ultrasound Med 8(6):299-308, June 1989 


Twenty-six consecutive fetuses with a sonographically detectable 
omphalocele and known karyotype were reviewed to identity risk 
factors that might be associated with chromosomal abnormalities. 
Risk factors that were analyzed included contents of the omphelocele 
sac, maternal age, fetal sex, sonographically detectable concurrent 
anomalies, and any major concurrent anomaly. Chromosomal abnor- 
malities were found in 10 cases (38%) from trisomy 18 (n = 4), 
trisomy 13 (n = 4), trisomy 21 (n = 1), or 45, X (n = 1). The absence 
of liver from the omphalocele sac (intracorporeal liver) was strongly 
associated with an abnormal karyotype; chromosomal abnormalities 
were present in all 8 fetuses with an intracorporeal liver compared to 
2 of 18 fetuses with an extracorporeal liver (p < .0001, two-tailed 
Fisher exact test). Other risk factors that were statistically associated 
with chromosomal abnormalities included advanced maternal age 
(233 year, p = .03) and sonographically detectable concurrent mal- 
formations (p = .05). 

We conclude that sonographic findings can help determine the 
relative risk of chromosomal abnormalities in fetuses with omphalo- 
cele; abnormal karyotypes were significantly associated with the 
absence of liver from the omphalocele sac and sonographically de- 
tectable concurrent malformations in this series. Sonographers 
should also be aware that omphaloceles that contain bowel alone 
tend to be small and can be missed or mistaken for other abdominal 
wall defects (gastroschisis or umbilical hernia). 

Reprinted with permission by the American institute of Ultrasourd in: Medi- 
cine. 
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AAWR Distinguished Resident Award 


The American Association of Women Radiologists (AAWR) has 
announced that an AAWR Distinguished Resident Award will be 
presented each year, beginning in 1990, at the AAWR annual meeting. 
A prize of $500 and expenses (air fare and per diem) to accept the 
award will be included. Nominations are being solicited from directors 
of residency programs. Nominees must be members of the AAWR. 
One nomination per residency program is the limit. The completed 
application should include a nominating letter from the residency 
director, with a notation of what year the candidate will be in residency 
at the time of the award ceremony; a letter of concurrence from the 
departmental chair; a letter from the candidate requesting consider- 
ation, with the reasons defined; and a copy of the candidate's 
curriculum vitae. Nominees will be evaluated on the basis of outstand- 
ing contributions, whether in clinical care, teaching, research, or public 
service. Candidates must be in residency training for the year of the 
award. Nominations should be sent by July 1, 1990, to Executive 
Director, American Association of Women Radiologists, 1891 Preston 
White Dr., Reston, VA 22091. 


Harry Fischer Award 


The Harry Fischer Award has been established to recognize re- 
search in contrast agents that enhance the value of imaging technol- 
ogies. Funds have been donated by manufacturers around the world 
who produce contrast media for diagnostic imaging. Appropriately, 
the first winner is Harry Fischer, who has been active in research and 
teaching in this field for the past 35 years. Dr. Fischer will give a 
speech and accept the award at the International Contrast Medical 
Research Symposium in Sydney, Australia, October 1989. An inter- 
national committee will review nominations for future winners. The 
award includes a venue for presenting the Fischer Lecture at an 
international gathering, a significant stipend, expenses for the winner 
and an accompanying person to travel to accept the award, and an 
attractive silver commemorative medal. Information: Gerald L. Wolf, 
Ph.D., M.D., Ad Hoc Chairman of the Harry Fischer Award, Pittsburgh 
NMR Institute, 3260 5th Ave., Pittsburgh, PA 15213; telephone: (412) 
647-NMRI; fax: (412) 647-8520. 


Visiting Fellowship in Interventional Radiology 


The Johns Hopkins Hospital is offering a 5-day course, for radiol- 
ogists only, on interventional radiology. The course is tailored to the 


needs of the fellow, who will participate in morning conferences, 
patient rounds, and laboratory observations. A newly developed 
teaching file is available for study. A wide range of interventional 
procedures will be included: angiography, angioplasty, percutaneous 
atherectomy, use of thrombolytic agents, embolization of varicoceies 
and arteriovenous malformations, biliary and urologic procedures, 
and use of intravascular lasers. Category 1 credit: 40 hr. Fee: $1000. 
Information: Program Coordinator, The Johns Hopkins Medical Insti- 
tutions, Office of Continuing Education, Turner Bldg., 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-3839. 


Clinical Medical Physics Residency Program 


The Dept. of Diagnostic Radiology, Mayo Graduate School of 
Medicine, Mayo Clinic, Rochester, MN, is offering a 2-year training 
program in clinical medical physics for a person who recently has 
received a doctoral degree in medical physics, physics, or engineer- 
ing. The purpose of the program is to provide training and experience 
for those who wish to pursue careers in clinical diagnostic imaging. 
The program provides 2 of the 3 years of special training required for 
eligibility for the American Board of Radiology certification in Diag- 
nostic Radiological Physics or Medical Nuclear Physics. Facilities 
include Mayo Clinic Rochester, Mayo Jacksonville (FL), and Mayo 
Scottsdale (AZ). Information: Joel E. Gray, Ph.D., Dept. of Diagnostic 
Radiology, Mayo Clinic, Rochester, MN 559085; (507) 284-4292. 


Visiting Fellowships at UCSF 


The Dept. of Radiology and Extended Programs in Medical Edu- 
cation, University of California, San Francisco, are sponsoring a 
number of visiting fellowships in radiology. Most programs are for 1 
week. Areas of training include MR imaging (general fundamentals 
and applications, neuro, and advanced neuro), head and body CT, 
echocardiography, and ultrasound. Program chairman: Alexander R. 
Margulis. Category 1 credit: 40 hr. Fee: $800-$1350. Information: 
Radiology Postgraduate Education, University of California, San 
Francisco, School of Medicine, Visiting Fellowship Program, Rm. C- 
324, San Francisco, CA 94143-0628; (415) 476-9776. 


Preceptorship in Transrectal Ultrasound of the 
Prostate 


Huron Valley Radiology and the Catherine McAuley Health Center, 
Ann Arbor, MI, are offering monthly preceptorships in transrectal 
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ultrasound of the prostate. Category 1 credit: 14 hr. Fee: physicians, 
$500;techaologists, $350. Information: Jerry Dowty, R.D.M.S., Man- 
ager af Ultrasound, McAuley Clinic Corp., 5333 McAuley Dr., Ste. 
1015,Ann Arbor, MI 48106; (313) 572-5251. 


Ultrasound Review Seminar for Technologists 


The Dept. of Radiology, West Penn Hospital, will present Ul- 
trasound Review Course for Technologists, Sept. 7-9, at the Pitts- 
burgh: Green Tree Marriott, Pittsburgh, PA. Participants will gain 
relevant clinical xnowledge of ultrasound, review the pathophysiology 
and physics of ultrasound, update and enhance technical sonographic 
skills, and prepare for certification. Program coordinators: Marcela 
Bohm: Velez, Hervey L. Neiman, Lori Davidson, and Charles M. Rowe. 
Guest facuity: Albert Goldstein and D. A. Willard. The course has 
been appreved for 18.5 hr of CME by the Society of Diagnostic 
Medical Senographers. Fee: $225. Information: Dept. of Continuing 
Medical’ Edmecation, The Western Pennsylvania Hospital, 4800 Friend- 
ship Ave., Pittsburgh, PA 15224; (412) 578-6926. 


Gastrointestinal Imaging 1989 


The Depi. of Radiology, Toronto General Hospital, in cooperation 
with the Division of Gastroenterology and the Dept. of Radiology, 
University of Toronto, is sponsoring Gastrointestinal Imaging 1989, 
Sept. 3. The symposium will provide updates on barium examinations; 
CT; ultrascund; and endoscopy, including an introduction to endo- 
scopic ultresonegraphy. Course director: Stephanie Wilson. Guest 
faculty: Clive Bertram and Giancarlo Caletti. Category 1 credit: 6 hr. 
Fee (Ganacian dollars): physicians, $150; residents, fellows, and 
technalogisis, $50. information: Stephanie Wilson, M.D., F.R.C.P.(C), 
Dept. of Riaadiobbgy, Toronto General Hospital, 200 Elizabeth St., 
Toronto, Ortario, Canada M5G 2C4; (416) 595-3874. 


MR Imaging Seminar for Technologists 


The:Dept. of Radiology, Hospital of the University of Pennsylvania, 
iS spomsorizg MRI for Technologists Seminar: A Practical Introduc- 
tion, Sept. ¢-10. at the Penn Tower Hotel in Philadelphia. The seminar 
will inctude lectures, workshops, and a roundtable discussion. Course 
director: Feix Wehrli. Category 1 credit: 12 hr (pending). Fee: $300. 
Information: Jarice Ford or Nancy Fedullo, Dept. of Radiology, Hos- 
pital of the University of Pennsylvania, 3400 Spruce St., Philadelphia, 
PA 19104; #215) 662-6904 or 662-6982. 


1989 Interventional Neuroradiology 


The Dept. of Radiology and Radiological Sciences, The Johns 
Hopkins University, School of Medicine, is sponsoring 1989 Interven- 
tional Neureradioiogy, Sept. 11-13, at the Johns Hopkins Medical 
Institutons i^ Baltimore. The program will include detailed discussion 
of state-of-ne-art interventional neurologic procedures used in the 
treatment ef cerebral aneurysms, fistulas, and brain arteriovenous 
malformations. Course director: Gerard Debrun. Category 1 credit: 
26.5 hr. Fee: physicians, $550; residents, fellows and technicians, 
$350 (letterrequired). Information: Program Coordinator, The Johns 
Hopkins Medica’ Institutions, Office of Continuing Education, Turner 
Bldg., 720 Futland Ave., Baltimore, MD 21205; (301) 955-2959. 
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3-D Imaging: Theory and Clinical Applications 


The Dept. of Radiology and Radiological Sciences, The Johns 
Hopkins Medical Institutions, Baltimore, MD, is sponsoring 3D imag- 
ing: Theory and Clinical Applications, Sept. 15-17. The course will 
be a lecture series on the theory, clinical applications, and business 
aspects of three-dimensional imaging. The intent is to provide prac- 
tical and relevant information to practicing radiologists and referring 
surgeons who are interested in the use of this imaging technique. 
Category 1 credit: 20 hr. Fee: physicians, $300; residents and fellows, 
$200. information: Program Coordinator, The Johns Hopkins Medical 
Institutions, Office of Continuing Education, Turner Bidg., 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-2959. 


Automated Percutaneous Discectomy Workshops 


Radiology Postgraduate Education, University of California, San 
Francisco, is offering several workshops on automated percutaneous 
discectomy. Workshops will be held at the Hyatt Regency Hotel 
Embarcadero in San Francisco on Sept. 16-17, Dec. 9-10, Jan. 13- 
14, 1990, and Feb. 17-18, 1990; at the Vanderbilt Plaza Hotel, 
Nashville, TN, Nov. 18-19; and at the Marriott Hotel, Washington, 
DC, Oct. 21-22, and April 7-8, 1990. The course is designed to 
teach physicians to comprehend and perform accurately the basic 
technique of automated percutaneous discectomy. Attendees will 
work closely with an instructor, enabling them to gain an appreciation 
for the identification of uncomplicated lumbar herniated discs and the 
percutaneous surgical approach. Workshop chairmen: Clyde A. 
Helms and Gary Onik. Category 1 credit: 11.5 hr. Fee: $800. Infor- 
mation: Radiology Postgraduate Education, University of California, 
Rm. 569-U, San Francisco, CA 94143-0766; (415) 476-5731. 


Abdominal Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, Philadelphia, is offering Abdominal Ul- 
trasound, Sept. 18-21 and Nov. 13-16. Emphasis is on an integrated 
approach that combines recognition of normal sonographic anatomy 
and typical ultrasound patterns of abdominal disorders. Specific 
topics include a review of the principles of ultrasound physics; instru- 
mentation and imaging techniques, including Doppler sonography; 
aspiration and biopsy techniques; and ultrasound evaluation of pre- 
vertebral vessels, liver, biliary system, kidneys and retroperitoneum, 
pancreas, spleen, thyroid and parathyroid, and abdominal collections. 
The program includes lectures, demonstrations, case reviews, and 
hands-on experience with a variety of sonographic instrumentation. 
Course director: Wolfgang Dahnert. Category 1 credit: 27 hr. Fee: 
$550. Information: Judith Superior, Education Coordinator, Division 
of Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bidg., Philadelphia, PA 19107; (215) 928-8533. 


Prostate Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, Philadelphia, is offering the course, 
Prostate Ultrasound, Sept. 22 and Nov. 17. The program provides 
an overview of established and recently developed approaches to 
ultrasound of the prostate; special emphasis is given to endorectal 
scanning. Practical hands-on experience with a variety of instruments 
for endorectal scanning is a part of the course. Course director: M. 
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D. Rifkin. Category 1 credit: 9 hr. Fee: $325. information: Judith 
Superior, Education Coordinator, Division of Diagnostic Ultrasound, 
Thomas Jefferson University Hospital, 7th Floor, Main Bldg., Phila- 
deiphia, PA 19107; (215) 928-8533. 


Neurologic and Musculoskeletal Radiology 


The Dept. of Radiology, University of Minnesota, Medical School, 
is sponsoring the 52nd annual course, Radiology/89: Neuro and 
Musculoskeletal Radiology, Sept. 25-29, at the Hyatt Regency Hotel, 
Minneapolis, MN. Course directors: William M. Thompson, Harry J. 
Griffiths, and Benjamin Lee. Category 1 credit: 31.5 hr. Fee: $550. 
Information: Continuing Medical Education, University of Minnesota, 
Box 202 UMHC, 420 Delaware St., S. E., Minneapolis, MN 55455; 
(612) 626-5525. 


Annual Washington Imaging Conference 


The Dept. of Radiology, Alexandria Hospital, Alexandria, VA, and 
the American College of Radiology are cosponsoring the 9th Annual 
Washington Imaging Conference: Advances in Imaging: Neuro/Body 
MRI, Ultrasound/Doppler, and CT, Sept. 25-29, at the Hotel Wash- 
ington, Washington, DC. The conference is designed to provide state- 
of-the-art information. Topics in MR imaging will include detailed 
review of current neurologic applications and abdominal, pelvic, card- 
iac, and soft-tissue MR. Advanced review of ultrasound will include 
high-risk obstetric ultrasound fetal anomalies, duplex and Doppler 
imaging, and transvaginal and prostatic ultrasound techniques. Se- 
lected topics in other imaging techniques will be presented. Program 
director: Arina van Breda. Guest faculty: S. W. Atlas, E. K. Fishman, 
Mokhtar Gado, S. E. Harms, Faye Laing, T. C. McLoud, H. L. 
Neimann, Roger Sanders, H. D. Sostman, G. K. Sze, W. G. Totty, 
and Robert Zeman. Category 1 credit: 25 hr. Fee: physicians, $600; 
residents, $350 (letter required). Information: Arina van Breda, M.D., 
Course Director, Alexandria Hospital, 4320 Seminary Rd., Alexandria, 
VA 22304; (703) 379-3102. 


Obstetrics and Gynecology 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, Philadelphia, is offering Obstetrics and 
Gynecology, Sept. 25-29, Oct. 30-Nov. 3, and Dec. 4-8. The course 
covers the full range of ultrasound applications used in evaluation of 
the fetus and the female pelvis. Approximately two-thirds of the 
program is devoted to obstetrics and one-third to gynecology. The 
obstetric component includes a thorough review of current techniques 
of fetal measurements and presents an orderly approach to assess- 
ment of fetal growth and well-being, identification of abnormal echo 
patterns, and establishing a differential diagnosis. The gynecologic 
part emphasizes recognition of normal anatomy and characterization 
of gynecologic masses. Hands-on scanning of pregnant patients is 
not part of the course. Course director: Alfred Kurtz. Category 1 
credit: 30 hr. Fee: $625. Information: Judith Superior, Education 
Coordinator, Division of Diagnostic Ultrasound, Thomas Jefferson 
University Hospital, 7th Floor, Main Bldg., Philadelphia, PA 19107; 
(215) 928-8533. 


Tutorial Course in Ireland 


Cornell University Medical College, The New York Hospital, and 
the Royal College of Surgeons in Ireland are sponsoring a tutorial 
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course at Adare Manor, Adare, Ireland, Oct. 1-5. Topics will include 
body imaging (sonography, CT, and MR), imaging of the head and 
spine (CT and MR), interventional radiology, surgical considerations 
and interventional approach to trauma, and technologic considera- 
tions in imaging. Category 1 credit: 24 hr. Fee: physicians, $450; 
residents and fellows, $275. Information: Joseph P. Whalen, M.D., 
Cornell University Medical College, 1300 York Ave., New York, NY 
10021; (212) 746-2522. 


Clinical Magnetic Resonance Imaging 


Radiology Postgraduate Education, University of California, San 
Francisco, is sponsoring Clinical Magnetic Resonance Imaging, Oct. 
2-6, at the Hyatt Regency San Francisco. The course is designed to 
provide comprehensive instruction in the new developments and 
instrumentation used for MR imaging. It also will provide an updated 
demonstration of the role of MR imaging in the assessment of all 
organ systems. Controversial questions in MR imaging and equip- 
ment choices will be explored by panels composed of university and 
industrial scientists. Program chairman: Charles B. Higgins. Course 
directors: David Norman, Hedvig Hricak, and Harry K, Genant. Guest 
faculty: Richard Underwood, G. S. Bissett Ill, D. R. Enzmann, H. Y, 
Kressel, and W. A. Murphy. Category 1 credit: 33 hr. Fee: physicians, 
$515; residents, fellows, nurses, and technologists, $415 (letter 
required). Information: Radiology Postgraduate Education, University 
of California, Rm. 569U, San Francisco, CA 94143-0766; (415) 476- 
5731. 


MRI: Clinical State of the Art 


MRI: Clinical State of the Art will be presented at the NYU Medical 
Center, New York, NY, Oct. 4-7. The course will provide a practical, 
Clinically oriented review and analysis of the state-of-the-art of MR 
imaging and will introduce some of the promising new developments. 
Anatomy, applications, and techniques will be emphasized, and the 
role of MR in relation to other radiologic studies will be discussed. 
Category 1 credit: 24 hr. Fee: $450. Information: NYU Post-Graduate 
Medical School, 550 First Ave., New York, NY 10016; (212) 340- 
5295. 


Pediatric Neuroradiology Seminar 


Radiology Postgraduate Education, University of California, San 
Francisco, is sponsoring Pediatric Neuroradiology Seminar, Oct. 7, 
at the Hyatt Regency San Francisco. The course is designed to 
provide an up-to-date and thorough overview of pediatric neuroradiol- 
ogy. Both congenital and acquired CNS disorders will be covered. 
Examinations of the CNS by sonography, CT, and MR will be com- 
pared and contrasted. The course will emphasize state-of-the-art 
imaging techniques. Program director: A. James Barkovich. Guest 
faculty: Derek Harwood-Nash, R. U. Bokelman, and D. E. Fadjo. 
Category 1 credits: 7 hr. Fee: Physicians, $105; residents, fellows, 
nurses, and technologists, $75 (letter required). Information: Radiol- 
ogy Postgraduate Education, University of California, Rm. 569U, San 
Francisco, CA 94143-0766; (415) 476-5731. 


Color Doppler 1990 


An intense 2.5-day course, Color Doppler 1990, will be conducted 
at the Beverly Hilton Hotel, Beverly Hills, CA, Oct. 12-14. Topics to 
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be covered include physics, flow dynamics, and color Doppler equip- 
ment. The use of color Doppler sonography in the assessment of 
cranial, cerebrovascular, and upper and lower extremity arterial and 
venous disease; deep venous thrombus; and obstetric, gynecologic, 
genitourinary, and abdominal disorders will be discussed also. Cate- 
gory 1 credit: up to 15 hr. Fee: physicians, $495; residents, fellows, 
and teshnologists, $395. Information: Edward Grant, M.D., UCLA 
Medicai Center, Dept. of Radiological Sciences, Los Angeles, CA 
90024-1721; (213) 825-8813. 


Clinical MR Imaging Course 


The Gept. of Radiology, Yale University, Schoo! of Medicine, is 
offering a 3-day course in clinical MR imaging, Oct. 16-18, at the 
Yale-New Haven Hospital MRI Center. Topics will include neurologic, 
musculoskeletal, and abdominal applications of MR imaging. Cate- 
gory 1 credit: 21.5 hr. Fee: physicians, $550; residents, fellows, and 
technologists, $400. Information: Office of Post-Graduate & Contin- 
uing Mecical Education, Yale University, School of Medicine, 333 
Cedar St., P. O. Box 3333, New Haven, CT 06510; (203) 785-4578. 


Neonatal Neurosonography 


The Division:of Ultrasound, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, is sponsoring Neonatal Neuroson- 
ography, Oct. 19-20. This program is designed to provide a complete 
introduction to sonographic evaluation of the neonatal brain. Topics 
will include: physical principles and instrumentation, scanning tech- 
niques and infection control procedures, recognition of normal 
anatomic structures, identification of abnormal echo patterns, natural 
history and sequelae of intracranial hemorrhage, and detection and 
classification of hemorrhage. The course will have lectures, case 
analyses, arid video demonstrations, but participants will not do any 
hands-on scanning of infants. Course directors: Donald Mitchell and 
Matthew Pasto. Category 1 credit: 13.5 hr. Fee: $325. Information: 
Judith Superior, Education Coordinator, Division of Diagnostic Ultra- 
sound, Thomas Jefferson University Hospital, 7th Floor, Main Bldg., 
Philadelphia, PA 19107; (215) 928-8533. 


CT and MF of the Brain, Head, Neck, and Spine 


The Dept. cf Diagnostic Radiology, Rush—Presbyterian-St. Luke’s 
Medical Center, will present its 16th annual course on CT and MR of 
the brain, head, neck, and spine Oct. 19-20 at the Westin Hotel, 
Chicago. The course wil! provide instruction in the performance and 
interpretation cf CT and MR examinations of the brain, head, neck, 
and spine. It is recommended that course registrants familiarize 
themselves in advance with the basic physical principles of CT and 
MR imaging. Guest faculty: H. L. Baker, Jr., R. T. Bergeron, R. N. 
Bryan, D. O. Davis, M. H. Gado, D. C. Harwood-Nash, S. K. Hilal, 
Enrique Palacios, R. M. Quencer, R. G. Ramsey, E. J. Russell, P. M. 
Som, and J. M. Taveras. Category 1 credit: 15 hr. Fee: physicians, 
$435; residents and fellows, $300. Information: Michael S. Huckman, 
M.D., Director ef Neuroradiology, Rush-Presbyterian-St. Luke's 
Medical Center, 1753 W. Congress Parkway, Chicago, IL 60612; 
(312) 942-5781. 


New Orleans Fall Radiology Conference 


Louisiana State University School of Medicine, New Orleans, will 
present the New Crieans Fall Radiology Conference, Nov. 6-8, at Le 
Meridien New Orleans. This 12th LSU fall radiology conference will 
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emphasize various aspects of clinical radiclogy. The course is de- 
signed for practicing radiologists who deal with the problems of the 
management of patients. Special feature sessions will highlight inter- 
ventional radiclogy of the biliary, genitourinary, and gastrointestinal 
tracts; the diagnostic impact of MR of the musculoskeletal system; 
and the expanded use of sonography in the management of the acute 
abdomen. A plenary session, “Management of Biliary Caiculi.” will 
cover epidemiology, selection and triage of patients, dissolution of 
gallstones by percutaneous techniques, extraction of gallstones, 
technical aspects of biliary lithotripsy, and results and complications 
of all these procedures. Category 1 credit: 20 hr. Fee: physicians, 
$395; residents, $295 (letter required). Information: Office of Contin- 
uing Medical Education, LSU Medical Center, 1542 Tulane Ave., New 
Orleans, LA 70112; (504) 568-6085. 


Diagnostic Radiology Seminar in Hawaii 


The Dept. of Radiology, University of California, San Francisco, is 
Offering its 8th annual fall Hawaii Postgraduate Course in Diagnostic 
Radiology, Nov. 6-10, In Maui, HI. The course is designed primarily 
for radiolagists in clinical practice. Topics to be covered include the 
role of CT and MR imaging in diagnosis of disorders in infants and 
children; problems of false-positive diagnoses in mammography; use- 
fulness of high-resolution CT of the lungs for detecting interstitial ard 
pleural disease; practical aspects of the obstetric ultrasound exami- 
nation and its pitfalls; value of MR imaging in evaluation of pelvic 
disorders; current knowledge on MR imaging for diagnosis of shoui- 
der, knee, and spine diseases; role of MR in evaluation of suspected 
liver disease; and uses of CT in detection of inflammatory diseases 
of the gastrointestinal tract. Program director: Henry |. Goldberg, 
Category 1 credit: 24 hr. Fee: physicians, $515; residents, fellows, 
nurses, and technologists, $415 (letter required). Information: Radiol- 
ogy Postgraduate Education, Rm. C-324, University of California, San 
Francisco, School of Medicine, San Francisco, CA 94143-0628; (415) 
476-5731. 


Magnetic Resonance Imaging: Techniques and 
Imaging Methodology 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
is sponsoring Magnetic Resonance imaging: Techniques and Imaging 
Methodology, Nov. 6-10, at the Sheraton Society Hill, Philadelphia. 
The course provides a good mix of clinical and technical aspects of 
MR imaging. Each day is devoted to a particular theme: “Principles 
and Imaging Methodology,” “Advances in Rapid Scan Imaging,” 
“Blood Flow,” “Musculoskeletal MR,” and “Contrast Agents, Body 
imaging, and Quantitative MR.” Course director: Felix W. Wehrii. 
Category 1 credit: 32 hr (pending). Fee: physicians, $595; residents, 
$375. Information: Janice Ford, CME Coordinator, Dept. of Radiology, 
Hospital of the University of Pennsylvania, 3400 Spruce St., Philadel- 
phia, PA 19104; (215) 662-6904 or 662-6982. 


Color Doppler Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radioiogy, Thomas 
Jefferson University Hospital, Philadelphia, is offering Color Doppler 
Ultrasound, Nov. 13. The principles and applications of color Doppler 
imaging will be presented through lectures and case reviews. A 
working knowledge of hemodynamics and of the principles and 
applications of duplex Doppler sonography is assumed. Specific 
topics will include pitfalls of color Doppler imaging, cerebrovascular 
scanning techniques, peripheral arterial and venous scanning tech- 
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niques, superficial vascular masses, neonatal brain, abdomen, and 
obstetrics. Course directors: Donald Mitchell, Peter Burns, and Laur- 
ence Needleman. Category 1 credit: 9 hr. Fee: $200. Information: 
Judith Superior, Program Coordinator, Division of Diagnostic Ul- 
trasound, Thomas Jefferson University Hospital, 7th Floor, Main 
Bidg., Philadelphia, PA 19107; (215) 928-8533. 


CT and MRI—Head to Toe 


The Post-Graduate Medical School, NYU Medical Center, will 
present CT and MRI—Head to Toe, Dec. 11-16, at the Grand Hyatt 
Hotel, New York City. This intensive program is intended to be an 
annual updating of the entire field of CT and MR imaging. Plenary 
lectures will be complemented by small-group, in-depth workshops 
on CT and MR of diseases of the head, neck, sinuses, thorax, 
abdomen and pelvis, spine, and musculoskeletal system. Relevant 
interventional techniques will be included. Registrants will be able to 
attend eight different workshops. Category 1 credit: 38.5 hr. Fee: 
$675. Information: NYU Medical Center, Post-Graduate Medical 
School, 550 First Ave., New York, NY 10016; (212) 340-5295. 


MR Imaging Seminar 


The Dept. of Radiology, Cornell University Medical College and 
The New York Hospital, is sponsoring a course on MR imaging, Dec. 
14-16, at Cornell University Medical College, New York, NY. The 
course will discuss MR imaging of the neurologic system, the body, 
and the extremities. Program chairman: John A. Markisz. Guest 
faculty: J. B. Kneeland and M. T. Modic. Category 1 credit: 15 hr. 
Fee: physicians, $295; residents and fellows, $150. Information: John 
A. Markisz, M.D., Ph.D., Program Chairman, Dept. of Radiology, 
Cornell University Medical College, 1300 York Ave., New York, NY 
10021; (212) 746-6880. 


Thoracic Imaging ’90 


The Society of Thoracic Radiology will present Thoracic Imaging 
90, Jan. 7-11, 1990, at the Ritz Carlton Resort Hotel, Naples, FL, 
as part of the society’s annual meeting. This course will be an in- 
depth review of the state-of-the-art in cardiopulmonary radiology. 
Program chairman: David J. Delaney. Category 1 credit: 34 hr. Fee: 
physicians, $450; residents, fellows, and technologists, $325. Infor- 
mation: Dawne Ryals, Ryals & Associates, P. O. Box 1925, Roswell, 
GA 30077-1925: (404) 641-9773. 


Society of Gastrointestinal Radiologists Annual 
Meeting and Postgraduate Course 


The 19th annual meeting and postgraduate course of the Society 
of Gastrointestinal Radiologists will be Jan. 14-19 at the Hyatt 
Regency Waikoloa, Hawaii, HI. Information: Lynne K. Tiras, CMP, 
International Meeting Managers, Inc., 4550 Post Oak PI., Ste. 248, 
Houston, TX 77027; (713) 965-0566. 


Diagnostic Radiology Seminar in Ixtapa, Mexico 


The Dept. of Radiology, University of California, San Francisco, is 
offering the 7th annual Ixtapa postgraduate course in diagnostic 
radiology, Jan. 22-26, 1990, in Ixtapa, Mexico. The course has been 
designed primarily for the radiologist in general practice. It provides 
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a survey of selected subdivisions of diagnostic radiology. Course 
director: Susan D. Wall. Category 1 credit: 25 hr. Fee: physicians, 
$515; residents, fellows, nurses, and technologists, $415 (letter 
required). Information: Radiology Postgraduate Education, Rm. C- 
324, University of California, San Francisco, School of Medicine, San 
Francisco, CA 94143-0628; (415) 476-5731. 


Midwinter Radiological Conference 


The Los Angeles Radiological Society (LARS) will present the 42nd 
annual Midwinter Radiological Conference, Jan. 26-28, 1990, at the 
Century Plaza Hotel, Los Angeles. The new meeting format will have 
15 30-min main lectures and 45 45-min seminars. The lectures and 
seminars will cover six subject areas: body imaging, general radiol- 
ogy, mammography, musculoskeletal imaging, neuroradiology, and 
nuclear radiology. Category 1 credit: up to 16 hr. Fee: physicians: 
$395 (3 days), $350 (2 days), and $175 (1 day); LARS members: 
$315 (3 days), $270 (2 days), and $135 (1 day); residents and 
technologists (letter required): $125 (3 days), $100 (2 days), and $50 
(1 day); LARS resident member: $100 (3 days), $70 (2 days) and $35 
(1 day). Information: Los Angeles Radiological Society—-MWRC, P. 
O. Box 91215, Los Angeles, CA 90009-1215; (213) 827-9078. 


Coronary Atherosclerosis: New Diagnostic and 
Therapeutic Approaches 


The Depts. of Radiology and Cardiology, Mount Sinai Medical 
Center, Miami Beach, FL, are sponsoring the 27th annual seminar, 
Coronary Atherosclerosis: New Diagnostic and Therapeutic Ap- 
proaches, Jan. 28-Feb. 1, 1990, at the Contemporary Hotel, Wait 
Disney World, Orlando, FL. The purpose of the conference is to 
explore the various diagnostic and therapeutic techniques available 
to prevent, diagnose, and treat coronary atherosclerosis at all its 
stages. The conference will look at new diagnostic imaging tech- 
niques applicable to the diagnosis of coronary artery disease and its 
complications. Program director: Manuel Viamonte, Jr. Guest faculty: 
Bruce Brundage, R. C. Detrano, W. D. Edwards, Valentine Fuster, 
R. B. Goldberg, R. J. Herfkins, S. B. King Ill, R. P. Martin, H. R. 
Schelbert, and R. S. Schwartz. Category 1 credit: 20.5 hr. Fee: 
physicians, $495; residents, fellows and technologists, $325. Infor- 
mation: Lucy R. Kelley, Program Coordinator, Radiology Seminars 
Inc., P. O. Box 143762, Coral Gables, FL 33114-3762; (305) 674- 
2810. 


Mid-Pacific Radiological Conference 


The Los Angeles Radiological Society wili sponsor the 16th annual 
Mid-Pacific Radiological Conference, Jan. 30-Feb. 3, 1990, at the 
Maui Marriott Hotel, Maui, HI. A total of 20 45-min lectures and two 
30-min question-and-answer sessions will make up the mornings’ 
activities. Topics will include mammography, neuroradiology, and 
thoracic and interventional radiology. Category 1 credit: up to 16 hr. 
Fee: physicians, $395; residents, $150 (letter required). information: 
Los Angeles Radiological Society —-MWRC, P. O. Box 91215, Los 
Angeles, CA 90009-1215; (213) 827-9078. 


American Roentgen Ray Society New Officers 


The American Roentgen Ray Society installed its new officers for 
1989-1990 at the annual meeting in New Orleans, LA, May 7-12: 
Ronald G. Evens, president; M. Paul Capp, president-elect; John A. 
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Kirkpatrick, first vice-president; A. Everette James, second vice- 
present; Glen W. Hartman, secretary; and Beverly P. Wood, treas- 
urer. 


A Primer on the Theory and Operation of Linear 
Accelerators 


The Medical Physics Publishing Corp. (MPPC) has announced 
pubication-of A Primer on the Theory and Operation of Linear Accel- 
eraters, by Robert Morton and C., J. Karzmark. The book provides 
an everview of the components of the linear accelerator and how 
they. function and interrelate. It promotes an understanding of the 
safe and effective use of these devices. The book is available for $13 
from MMPC, 27B, 1300 University Ave., Madison, WI 53706; (608) 
2563300. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduied for Oct. 12-13, 1989, and Sept. 27-28, 1990. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY „June 4-8 1990. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48099. 


Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
anc courses is provided. Detailed listings are given in the AJR issue 
given in‘parentheses. 


Basic and Advanced Training in MRI, times arranged, Baltimore 
(Des 1988) 

Visiting Fellowships in Radiology at MGH, times arranged, Boston 
(April 

Biltary Lithotripsy Visiting Fellowships, times arranged, Philadelphia 
(Apri) 

Radiation, Physics, and Biology, Aug. 28-Sept. 1, New York City 
(May) 

Imaging on Lake Coeur d’Alene, Aug. 31-Sept. 2, Coeur d'Alene, 
ID June} 

Imaging, intervention, Ireland— 1989, Sept. 2-10, Dublin, Cong. 
anc New Market, Ireland (Feb) 

Sonography Update, Sept. 7-10, San Diego (June) 

Physics of Diagnostic Radiology, Nuclear Medicine, and Radiation 
Biciogy, Sept. 7-10, Sacramento, CA (Aug) 

Registry Preparation Courses for Sonographers: Physics, Sept. 
8-10, Dallas: Sept. 22-24, Washington, DC; Sept. 29-Oct. 1, Los 
Angeles; Oct 6-8, Chicago; Doppler Physics, Sept. 21, Washington, 
DC: Oct. 2, Los Angeles; Abdomen, Sept. 26-27, Washington, DC; 
Obstetrics and Gynecology, Sept. 25, Washington, DC (May) 
Abdominal Doppler Ultrasound and Workshop on Hepatic Hemo- 
dyaamics, Sept. 11-12, Bologna, Italy (Aug) 

Pathological Effects of Radiation, Sept. 11-13, Bethesda, MD 
(April) 

1959 Interventional Neuroradiology, Sept. 11-13, Baltimore (May) 
Practicums in MR Imaging: Advanced Practicum, Sept. 11-15; 
Basic Practicum, Oct. 23-27; Baltimore (March) 
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Re-Learning Chest Radiology, Sept. 11-22, England and Scotland 
(July) 

Refresher Course on Musculoskeletal Disorders, Sept. 13-16, 
New York City (July and Aug) 

Transrectal Ultrasound and Prostate Cancer, Sept. 14-16, Chicago 
(May) 

Mammography and the Search for Breast Cancer, Sept. 15-17, 
Vancouver, B.C. (June) 

Mammography for the General Radiologist, Sept. 18-21 and Oct. 
23-26, Boston (March) 

Harvard Postgraduate Courses, Sept. 18-22, Boston (June) 
Nuclear Cardiology Symposium and Workshop, Sept. 20-22, Mil- 
waukee, Wi (June) 

Weekend MRI Seminar, Sept. 23-24, Los Angeles (July) 

Applied Duplex Ultrasound, Sept. 23-25, Birmingham, AL (June) 
Radiology on Ischia, Sept. 23~Oct. 1, Lacco Amena, Island of Ischia, 
Bay of Naples, Italy (May) 

Mozart and Masters International Diagnostic Radiology Confer- 
ence, Sept. 24-29, Salzburg, Austria (Aug) 

Wendell G. Scott Lecture, Sept. 25, St. Louis (Aug) 

Society of Uroradiology Postgraduate Course, Sept. 25-28, Hilton 
Head, SC (Dec 1988) 

Cardiovascular Imaging and Interventional Radiology, Sept. 25- 
28, Boston (July) 

MR Course in Riyadh, Saudi Arabia, Oct. 2-5, Riyadh, Saudi Arabia 
(June) 

Current Trends in Diagnostic Radiology, Oct. 2-5, Boston (June) 
Update in Pediatric Imaging, Oct. 2-5, Laguna Niguel, CA (June) 
Seminar in Diagnostic Ultrasound, Oct. 5-7, Ann Arbor, MI (May) 
Biomedical Image Processing with Microcomputers, Oct. 5-7, St. 
Louis (Aug) 

Breast Imaging: Problems and Solutions, Oct. 6, Boston (June) 
Practical Radiology, Oct. 9-12, Charlottesville, VA (May) 
Introduction to Comparative Imaging for Urologic Lithotripsy, Oct. 
12, Denver (Aug) 

Practical Magnetic Resonance Imaging 1989, Oct. 12-15, Las 
Vegas, NV (April) 

Renal and Biliary Lithotripsy, Oct. 12-15, Denver (Aug) 

The Lungs and Heart: Imaging Answers to Clinical Problems, Oct. 
14-29, Bangkok, Chiangmai, and Phuket, Thailand; Hong Kong; and 
Taipei, Taiwan (July) 

Organ Imaging Review 1989, Oct. 15-20, Toronto, Ortario (Aug) 
Chest Disease, Oct. 16-19, Boston (July) 

World Congress for Bronchology, Oct. 18-20, Tokyo, and Oct. 21- 
22, Kyoto, Japan (Nov 1988) 

Farwest Image Perception Conference, Oct. 19-20, Tucson, AZ 
(June) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
19-23, Melbourne, Australia (March) 

MRI Review ’89, Oct. 20-22, Toronto, Ontario (Aug) 

Visiting Fellowship in Mammography, Oct. 23-27, Los Angeles 
(March) 

Magnetic Resonance Imaging and CT Update, Oct. 23-27, Boston 
(July) 

Advanced Neuroradiology Seminar, Oct. 26-28, Orlando, FL (June) 
Advanced Imaging of the Musculoskeletal System, Oct. 28-29, 
Coronado (San Diego), CA (June) 

San Diego Postgraduate Course, Oct. 30-Nov. 3, Coronado (San 
Diego), CA (July) 

International Seminar of Medical Imaging, Oct. 30-Nov. 5, Shatin, 
Hong Kong, the New Territories (May) 

interventional Radiology, Nov. 3-5, Coronado (San Diego), CA (July) 
3-D Imaging in Medicine, Nov. 16-19, San Diego (Aug) 
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Advances in Chest, Interventional, and Ultrasound, Nov. 25-Dec. 
10, South America (Caracas, Isla Margarita, Manaus, Recife, Rio de 


Janeiro, Buenos Aires, and Bariloche) (March) AJR carries announcements of courses, symposia, and 
Advanced Seminars in Diagnostic Imaging, Dec. 8-10. Laguna meetings of interest to its readers if received a minimum of 5 
Niguel, CA (July) months before the event. There is no charge; receipt of items 
Genitourinary Radiology, Dec. 15-17, Scottsdale, AZ (Aug) by the AJR Editorial Office is not acknowledged. Submit items 
XV Interamerican Congress of Radiology, Feb. 11-16, 1990, Ca- for publication typed double-spaced. Provide title, date, loca- 
racas, Venezuela (Aug) tion, brief description, sponsor, course directors, fees, cate- 
international Conference on Gallstones and Their Management, gory | credit, and address and telephone number for additional 
Feb. 25-28, 1990, Jerusalem, Israel (May) information. Faculty from the host institution will not be listed. 
Interventional Radiology in Cardiovascular Pathology, Feb. 28- Guest faculty names will appear only if initials are provided. 
March 2, 1990, Toulouse, France (Aug) Mail news items to AJR Editorial Office, 2223 Avenida de la 
Congress of the European Federation of Societies for Ultrasound Playa, Suite 200, La Jolla, CA 92037-3218. 





in Medicine and Biology, May 6-11, 1990, Jerusalem, Israel (May) | 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 





Officers 


President: Ronald G. Evens 
President-elect: M. Paul Capp 

1st Vice-president: John A. Kirkpatrick, Jr. 
2nd Vice-oresident: A. Everette James, Jr. 
Secretary: Glen W. Hartman 

Treasurer: Beverly P. Wood 


Executive Council: R. J. Alfidi, R. N. Berk, B. G. Brogdon, 
M. P. Capo, W. J. Casarella, R. G. Evens, J. T. Ferrucci, Jr., 
R. A. Gagliardi, G. W. Hartman, J. A. Kirkpatrick, Jr., A. 
Landry, Jr, G. R. Leopold, J. E. Madewell, A. A. Moss, L. F. 
Rogers, J H. Thrall, K. H. Vydareny, B. P. Wood, A. K. 
Poznanski. chairman 


Committees 


Editorial Policy: R. N. Berk, S. V. Hilton, C. A. Rohrmann, 
Jr., S. S. Sagel, R. J. Stanley, J. M. Taveras, N. O. Whitley, 
W. J. Casarella, chairman 


Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, W. M. Thompson, B. G. Brogdon, chairman 


Finance aad Budget: R. J. Alfidi, R. C. Gedgaudas-McClees, 
G. R. Leopold, J. R. Thornbury, J. Thrall, chairman 


Nominating: F. A. Gagliardi, N. O. Whitley, R. J. Alfidi, chair- 
man 


Publications: C. A. Rohrmann, Jr., S. S. Sagel, R. J. Stanley, 
N. O. Whitey, W. J. Casarella, chairman 


Membership: R. J. Alfidi, A. A. Moss, K. H. Vydareny, G. R. 
Leopold, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: R. A. Gagliardi, G. A. Kling, 
dJ. E. Madewell, L. F. Rogers 


American Medical Association House of Delegates: S. F. 
Ochsner, K. L. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Mea- 
surements: H. L. Friedell, E. L. Saenger 


Meeting Arrangements 


Annual Meetings: May 13-18, 1990, Sheraton Washington, 
Washington, DC; May 5-10, 1991, Sheraton Boston, Boston 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, G. 
P. Janetos, R. R. Lukin, A. Landry, Jr., chairman 


Instruction Courses: R. J. Stanley, associate chairman, J. T. 
Ferrucci, Jr., chairman 


Scientific Program: R. J. Alfidi, E. Buonocore, D. O. Davis, 
W. A. Murphy, Jr., A. E. Robinson, J. H. Thrall, M. P. Capp, 
chairman 


Scientific Exhibits: R. J. Churchill, A. A. Moss, R. G. Ramsey, 
J. E. Madewell, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1990 ARRS meeting, send completed 
forms before February 1, 1990, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 


_ are active in radiology or an allied science. Members-in- 


training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8300 





American Roentgen Ray Society 90th Annual Meeting 
May 13-18, 1990, Washington, DC 
Sheraton Washington Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be In the 
February and March 1990 issues of the AJR. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by December 1, 1989. Forms on which to submit ab- 
stracts are In this issue of the AJR. The ARRS Program Committee 
will select papers and notify authors In early January. The AJR has 
first rights to all papers accepted for presentation at the ARRS meet- 
ing. Send abstract, application, and four copies of the abstract to 


M. Paul Capp, M.D. 

c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Refresher Course Program 


A summary of the refresher courses will appear in the AJA in Feb- 
ruary along with advance registration forms. Early registration Is an 
advantage In assuring preferred courses In this popular program. Dr. 
J. T. Ferrucci, Jr., is program director. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by December 1, 1989. Forms, which may be photocopied, are 
In this issue of the AJR. Send completed form to 


John E. Madewell, M.D. 

The Pennsylvania State University 
The Milton S. Hershey Medicai Center 
P.O. Box 850 

Hershey, PA 17033 

Telephone (717) 531-8044 


Caldwell Lecture 


Sandra Day O'Connor, U.S. Supreme Court Justice, will be giving 
the Caldwell Lecture. The title of her lecture and the date and time 
wil be announced In a future Issue of the AJA. 


Local Program 


A program of sightseeing, shopping, and entertainment will be de- 
veloped by the Local Arrangements Chairman, Dr. Abner M. Landry, 
Jr. Information and advance registration forms will be in the February 
issue of the AJA. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific pa- 
pers prepared by residents In radiology. The President's Award has a 
$2000 prize. There are two Executive Cound awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 16, 1990, for consideration in this competi- 
tion. Send entries to 


B. G. Brogdon, M.D. 
Dept. of Radiology 

Univarsity of South Alabama Medical Center 
2451 Fillngim Street 

Mobile, AL. 36617 


Deadlines 


Abstracts of papers: December 1, 1989 
Scientific exhibit proposals: December 1, 1989 
Residents’ Award papers: February 16, 1990 
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Instructions for Scientific Abstracts 


. Type the information single-spaced within the lines. Underline the 
name of the presenting author. Append as a last line of the abstract 
any research grant support, if applicable (e.g., Supported by 
USPHS Grant HE-80144). If the abstract is accepted, it will not be 
proofread; it will appear exactly as typed. Use the following format: 


MR IMAGING OF THE SPINE AND NECK 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. 
University of California, Bakersfield, Bakersfield, CA 92338 


2. Abstracts should include four paragraphs devoted sequentially to 


the following topics: (1) object or purpose of the study. (2) mate- 
rials, methods, and procedures, (3) results, (4) significance of the 
results and conclusions. The text should not exceed 300 words. 
Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 


. The Program Committee will grade each abstract and determine 


acceptance. Further information will be forwarded to those whose 
abstracts are accepted for presentation. 


Deadline for submission of abstract is December 1, 1989. Mail abstract and two copies to 


M. Paul Capp, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 
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Names of Exhibitors (List principal exhibitor first and telephone number of each person.) 
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(one only) 
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Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 


instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
Information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Sort of Exhibit is Proposed? (Check one and fill In all appropriate blanks.) 


Free-standing. This is a self-contained display created In total by the exhibitor. It may be a fokc-open unit, a unit shipped In cases and 
assembled on site, or a tabletop unit. Linear feet required 


_-_Poster Board (backboard panels). Backboard panels are 4 x 6 or 4 x 8 ft. (1.2 x 1.8 or 1.2 x 2.5 m). Number of panels required 
4x6or 4 x 8. If two panels are needed, there will be a 34-in. frame separating the panels, thus requiring a separation in 
the presentation. 


m Wiewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each Hluminator is 39.5 x 


























59.5 in. (100 x 151 cm). Number of illuminators required . Slides should not be glass mounted. 

Audiovisual. 
Ptease Indicate Most Appropriate Category. 

Diagnostic Radiology 

Bone Cardiovascular System Chest Pediatric Radiology ______ Gastrointestinal Tract 

Genitourinary Tract Neuroradiology ____ Mammography 

Other 

Medical Physics Nuclear Medicine _____ Radllation Oncology Radiobiology ——— Sonography 








Has the exhibit been shown in whole or in part at any previous meeting? (Previous display does not preclude acceptance.) 





fso where? -uua nee Wna? 


Nature of meeting or name of society 


Signature of Principal Exhibitor 





Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than December 1, 1989. Mall original and five copies to 


John E. Madewel, M.D. 

The Pennsylvania State University 
The Milton S. Hershey Medical Center 
P. O. Box 850 
Hershey, PA 17033 


Telephone: (717) 531-8044 


Classified Advertisements 


Positions Available 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3~4-week or longer working vacations in 
a numbee-of israeli medical centers, on a volun- 
teer basic. Positions varied, arrangements flexi- 
ble. For isformation contact: Jonathan H. Fish, 
M.D., 1848 San Miguel Dr., #302, Walnut Creek, 
CA 9456; (4:5) 947-0560. 8-10ap 


DIAGNOSTIC RADIOLOGIST, ABDOMINAL 
IMAGIMG—The University of Missouri-Columbia 
Hospita! end Clinics is seeking a radiologist with 
expertise in abdominal imaging (GI, CT, ultra- 
sound, and MRI). Board certification required. 
Fellowship desirable. Tenured and nontenured 
tracks available at assistant and associate pro- 
fessor ievels. Address inquiries to Robert J. 
Churchill M.D., Dept. of Radiology, University 
of Missouri-Coturnbia Hospital and Clinics, One 
Hospital Dr... Columbia, MO 65212. An equal 
opporturety/effirmative action employer. 9-12a 


NEURCFADIDLOGIST—A position is available 
in the Sept. of Radiology, at the University of 
Rochester Medical Center, Strong Memorial 
Hospital, a 7°0-bed tertiary-care facility. An ap- 
pointmer as assistant professor or higher is 
availab's at « level appropriate to experience. 
A fellowship is required. Research and teaching 
Opportunxiessare available in a strong academic 
dept. wath: state-of-the-art radiologic equipment. 
Send CN to Danie! K. Kido, M.D., Diagnostic 
Radiolegy, Box 648, University of Rochester 
Medicai-Center, Rochester, NY 14642. EO/AA/M-F 
employer 9-"1a 


PEDIATRIC RADIOLOGIST—The University of 
Rochester Medical Center, Strong Memorial 
Hospital, a 750-bed tertiary-care facility has an 
opening with the Pediatric Section of the Dept. 
of Radioiagy: State-of-the-art equipment, a high 
volumeé-ci newnatal and oncology work, research, 
and teashiny opportunities are available in a 
strong awademic dept. Faculty rank depends on 
qualificai:ions. Send CV to Robert E. O'Mara, 
M.D., Gisairrnan, Dept. of Radiology, Box 648, 
i ty af Rochester Medical Center, 
of, HY 14642, EO/AA/M-F employer. 








9-11a 


DIAGNOSTIC RADIOLOGIST WITH SPECIAL 
INTEREST IN. ANGIOGRAPHY AND INTERVEN- 
TIONAL RADIOLOGY—The Dept. of Radiology at 
The Umivesity of Texas Medical School at 
Houster has an immediate opening for an ex- 
perientad interventionist/angiographer with 
strong terest in patient care and teaching. 
Researeh irverest and experience are important, 
but net essential. While the principal respon- 
sibiliticewillde in iatervention/angiography, there 
will be an spportunity to be involved in other 
clinica! ereas of the candidate's interest. The posi- 
tion wilinc.ude teaching at the medical student 
and reder: levels. Candidate must be a diplo- 
mate 3f the American Board of Radiology and 
have campieted at least a 1-yr interventional/ 
angiography fellowship, have a Texas state med- 
ical license, and have had at least 1 yr post- 
fellowstiip axperience. Candidates with the 
qualifications. for a senior assistant professor or 
associate professor appointment are preferred. 
Academic rank and salary will be commensurate 
with qualifications. Please submit CV, along with 
the names and addresses of 3 references to 
John H. Harris, Jr., M.D., Dept. of Radiology, The 
University ef Texas Medical School of Houston, 
6431 Fannin StL, Ste. 2.132, Houston, TX 77030. 
The Ureversity of Texas Health Science Center 
at Heuston is an equal opportunity employer. 
Womer ane minorities are encouraged to apply. 
9-122 


TWO DIAGNOSTIC RADIOLOGISTS—Four- 
person, private practice group seeks 2 BC/BE 
radiologists with expertise in CT, angio/inter- 
ventional, ultrasound, and mammography. MRI/ 
neuro/trauma experience helpful. Practice in- 
cludes 225-bed private hospital plus 2 smaller 
hospitais. University affiliation, some teaching. 
Duluth is a pleasant northern community which 
combines proximity to outdoor recreation with the 
advantages of a small urban center. Competitive 
salary/fringes leading to early partnership. Send 
CV or call F. Ekberg, M.D., 915 E. ist St., Duluth, 
MN 55805; (218) 726-5222. 9-11ap 


NUCLEAR RADIOLOGIST—A newly created staff 
position with medical school appointment is 
available for a board-certified radiologist with 
subspecialty training. Certification in nuclear 
radiology desirable. Join a progressive, expanding 
dept. with state-of-the-art gamma cameras with 
SPECT and a computerized image-processing 
system in a 450-bed teaching hospital with ac- 
credited radiology residency. Many clinical and 
research opportunities. Must be able to obtain 
licensure in Massachusetts. Please contact 
Elizabeth Oates, M.D., Director, Division of 
Nuclear Medicine, Box 228, Tufis-New England 
Medical Center, 750 Washington St., Boston, 
MA 02111; (617) 956-6342. 9a 


NEURORADIOLOGIST AND BODY IMAGER— 
Immediate openings for a neuroradiologist and a 
body imager at Montefiore Medical Center. 
Montefiore is a 740-bed, tertiary-care hospital with 
state-of-the-art equipment. At least 1 yr of neuro- 
radiology fellowship is required for the neuro- 
radiology position. Fellowship experience is 
desirable for the body imaging position. Please 
send CV to Seymour Sprayregen, M.D., Acting 
Chairman, Dept. of Radiology, Montefiore Medical 
Center/Albert Einstein College of Medicine, 
111 E. 210th St., Bronx, NY 10467. 9ap 


POSITION AVAILABLE—Two diagnostic radiolo- 
gists seek a BE/BC radiologist to join them in a 
growing practice in northeast Michigan. Our 
176-bed, regional referral hospital serves an area 
population of 80,000-100,000. All diagnostic 
modalities with the exception of MRI are 
represented. Equipment includes Acuson ultra- 
sound, Siemans, Somatome CT, and dedicated 
Phillips mammography. Our location on Lake 
Huron offers immediate access to sailing, fishing, 
scuba diving, etc. Excellent hunting, snow- 
mobiling, and cross-country skiing are favorite fall 
and winter activities. This is an outstanding op- 
portunity for someone seeking a small town 
atmosphere, a dynamic radiology practice with 
early partnership in a beautiful outdoor area. 
Please respond to Box T5, AJR isee address this 
section). 9-1ta 


CHAIRPERSON, DEPT. OF RADIOLOGY—The 
Albert Einstein College of Medicine/Montefiore 
Medical Center are seeking a chairperson for their 
Dept. of Radiology. The chairperson has the 
academic responsibility for the radiology pro- 
grams at all of the affiliated hospitals of the 
medical school and the clinical responsibility for 
the 4 major teaching hospitals which, with the col- 
lege, comprise the Bronx campus of the Albert 
Einstein College of Medicine. Cancidates must 
have demonstrated leadership and broad ex- 
perience in the clinical practice of radiology, 
experience in teaching and research, and a 
proficiency in administration. Applications and 
nominations for the position should be sent to 
Lawrence W. Davis, M.D., Chairman, Radiology 
Search Committee, Chairman, Dept. of Radiation 
Oncology, Montefiore Medical Center/Albert 
Einstein College of Medicine, 1825 Eastchester 
Rd., Bronx, NY 10461. An equal opportunity 
employer. Ga 


ASSISTANT PROFESSOR OF NEURORADI- 
OLOGY—The University of Texas Medical Schoo! 
at Houston has an opening for a neu-oradiologist 
who will perform clinical neuroradiology. Can- 
didate will participate in resident and medical 
student teaching and will have the opportunity to 
do basic or clinical research. Cancidates must 
have completed an approved residency in diag- 
nostic radiology and must have successfully 
completed 2 yr of a neuroradiology fellowship. 
Candidates must be board-certified by the 
American Board of Radiology or equivalent and 
must have a Texas medical license. Applicants 
should send a CV, along with the mames and 
addresses of 3 references, to John H. Harris, Jr., 
M.D., D.Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin St , Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal op- 
portunity employer. Women and minority can- 
didates are encouraged to apply. 9-12a 


DIAGNOSTIC RADIOLOGIST—State-of-the-art 
practice includes ultrasound, nuclear medicine, 
digital subtraction angiography, CT, and MRI. Ex- 
cellent practice. Excellent financial package. Send 
CV to Robert L. Dever, M.D., 1416 Big Bend Rd., 
Poplar Bluff, MO 63901; (314) 785-0125. 9-12ap 


VASCULAR RADIOLOGIST—Board-certified vas- 
cular radiologist to join dept. in a university- 
affiliated hospital in western Pennsy‘vania. Appli- 
cant should have fellowship training or past 
residency experience in vascular and interven- 
tional procedures. The radiologists ere organized 
as a professional corporation offering excellent 
salary and fringe benefits. Send inquiries and CV 
to Radiologist-in-Chief, Montefiore Hospital, 3459 
Fifth Ave., Pittsburgh, PA 15213. 9ap 


ULTRASONOLOGIST—Board-certified radiol- 
ogist with fellowship training in ultrasound to join 
dept. in a university-affiliated hospital in western 
Pennsylvania. Position immediately available. 
The radiologists are organized as a professional 
corporation offering excellent salary and fringe 
benefits. Send inquiries and CV to Radiologist- 
in-Chief, Montefiore Hospital, 3459 Fifth Ave., 
Pittsburgh, PA 15213. 9ap 


CHIEF, BREAST IMAGING CENTER—The Dept. 
of Diagnostic Radiology at William Beaumont 
Hospital is seeking a radiologist w th mammog- 
raphy experience to head its modern breast im- 
aging center which includes breast ultrasound. 
There will be some rotation in general radiology. 
Beaumont Medical Center is a 940-ped, modern, 
tertiary-care teaching hospital in southeastern 
Michigan with residency and fellowship in most 
subspecialties including radiology. Excellent 
remuneration and fringe benefits. For further 
information, write to Jalil Farah, M.D., Chairman- 
Diagnostic Radiology, Wiliam Beaumont Hospital, 
3601 W. 13 Mile Rd., Royal Oak, MI 48072; 
(313) 551-6064. 9-11a 


INTERVENTIONAL RADIOLOGIST—A tenure- 
track position at the rank of assistant professor 
to professor is available in the Dept of Radiology 
at the University of Virginia Heaith Sciences 
Center. Salary and academic rank commensurate 
with experience and qualifications. Minimum 
requirements include M.D. with board certification 
in radiology and competence in angiography, 
interventional radiology, and special procedures. 
Starting date is negotiable. Please provide CV and 
names and addresses of 3 references. Contact 
Charles J. Tegtmeyer, M.D., Professcr and Director, 
Division of Angiography, Interventional Radiology 
and Special Procedures, Box 170, University of 
Virginia Health Sciences Center, Charlottesville, 
VA 22908; (804) 924-9401. Equa’ opportunity/ 
affirmative action employer. 9-l1a 
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SOUTH FLORIDA, IMMEDIATE OPENING— 
Rapidly expanding, 10-person group with 3 
hospitals, MRI center, and imaging office desires 
an additional well-trained radiologist. interven- 
tional radiology fellowship and/or equivalent 
interventional experience a must. This is a highly 
desirable private practice with partnership poten- 
tial. Please send CV to Lee M. Katims, M.D., Dept. 
of Radiology, 21644 State Rd. 7, Boca Raton, FL 
33428. 9-t1ap 


APPROVED “B” READER to interpret chest x- 
rays on- or off-site in central New Jersey. Contact 
Joel Namm, M.D., 838 W. State St., Trenton, NJ 
08618. 9-11ap 


RADIOLOGIST, IMMEDIATE OPENING—New 
York City imaging center seeks board-certified 
radiologist, specialty MRI, with experience in CT. 
General Electric equipment. Replies to Box T9, 
AJR (see address this section). 9-11ap 


DIRECTOR, DIVISION OF RADIATION ONCOL- 
OGY—Emory University School of Medicine in- 
vites nominations and applications for the position 
of director of the Division of Radiation Oncology. 
The division is an autonomous unit of the Dept. 
of Radiology with teaching, research, and patient 
care responsibilities in a variety of clinical settings 
throughout the Woodruff Health Sciences Center. 
Responsibilities include the direction, manage- 
ment, and continued development of a division 
committed to excellence in these areas. Can- 
didates must hold an M.D. degree from an ac- 
credited institution, be board-certified, and be 
eligible for medical licensure in Georgia. Also re- 
quired are demonstrated leadership capabilities, 
previous academic and administrative respon- 
sibilities, a strong record in research, and ex- 
cellent clinical skills. Salary is negotiable. 
Applications should include a current CV and the 
names of 3 references and should be submitted 
by Oct. 1, 1989 to Radiation-Oncology Search 
Committee, 409 Woodruff Health Sciences Center, 
Emory University School of Medicine, Atlanta, GA 
30322. Emory University is an equal opportunity/ 
affirmative action employer. 9a 


MRI PHYSICIST—The Dept. of Radiology at the 
University of Minnesota has a full-time, tenure- 
track position available as an MRI physicist at the 
rank of assistant or associate professor beginning 
Nov. 1, 1989. At the assistant professor level, 
minimum requirements are a Ph.D., board certi- 
fication or eligibility for certification in radiological 
physics, and 2-yr experience in MRI and spec- 
troscopy. Appointment at the rank of associate 
professor requires a minimum of 4-yr experience 
in radiological physics, 2-yr experience in MRI 
and spectroscopy, and a demonstrated record of 
research, publication, and teaching, in addition 
to the other qualifications listed for the assistant 
professor status. Responsibilities will include 
working with a spectroscopy research group on 
small-bore systems, participation in research on 
a 4.0-T, full-size (1.25-m bore) patient imaging and 
spectroscopy system, and participation in both 
graduate and undergraduate medical instruction. 
The candidate also will have access to a number 
of departmental and university computer facilities 
including image-processing workstations and 
several supercomputers. Research performance 
will be strongly encouraged and evaluated. Salary 
is negotiable and competitive, and is dependent 
on past scholarly productivity and experience. Ap- 
plications will be accepted through Oct. 31, 1989. 
Send letters to Dr. E. Russell Ritenour, Director, 
Physics Section, Dept. of Radiology, Box 292 
UMHC, 420 Delaware St., S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity and affirmative action educator and 
employer and specifically encourages applica- 
tions from women and minorities. 9a 


CLASSIFIED ADVERTISEMENTS 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for a board-certified radiologist to join young, 
dynamic, 4-person group in the Miami area. All 
modalities including special procedures, CT, 
nuclear medicine, and MFI. Community hospital- 
based practice with adjacent outpatient facility. 
Competitive salary and benefits with partnership 
opportunity. Location convenient to Florida Keys, 
with easy access to downtown, cultural, and 
recreational facilities. Please contact Roberto J. 
Calderon, M.D.P.A,, 730 N.W. 107 Ave., Ste. 108. 
Miami, FL 33172. 9-11ap 


PEDIATRIC RADIOLOGIST—Full-time faculty 
position, Dept. of Radiology, Children's Hospital 
Medica! Center, Cincinnati OH, at academic rank 
of assistant professor to professor, Dept. of 
Radiology and Pediatrics, University of Cincinnati 
College of Medicine, available July 1, 1990. Salary 
and fringe benefits are highly competitive. Can- 
didates must be certified in diagnostic radiology 
by the American Board of Radiology or its equiv- 
alent, must have completed a fellowship in 
pediatric radiology, and must be eligible for ac- 
tive membership in the Society for Pediatric 
Radiology. Children’s Hosaital Medical Center is 
a 355-bed institution where approximately 95,000 
radiologic exams are performed annually by 12 
full-time faculty radiologists. Professional 
coverage includes convantional radiography, 
ultrasonography, CT, MRI, nuclear medicine, and 
digital radiography. The candidate must have a 
demonstrated interest and qualifications in basic 
and/or clinical pediatric imaging research. 
Children's Hospital Medical Center and Univer- 
sity of Cincinnati are affirmative action/equal op- 
portunity employers. Address inquiry and CV to 
Donald R. Kirks, M.D., Director, Dept. of 
Radiology, Children’s Hospital Medical Center, 
Cincinnati, OH 45229-2899; (513) 559-8058. 9ap 


IMMEDIATE OPENING, DIAGNOSTIC RADIOL- 
OGIST—Large, private practice, 3 hospitals, 
northeast Philadelphia suturbs and Trenton, NJ, 
between Philadelphia and Princeton. Two posi- 
tions to start preferably Dec. 1989 or later. Prac- 
tice requires all areas of diagnostic radiology; 
expertise in angio-intervertional, MRI, or cross- 
sectional imaging desired. Fellowship or practice 
experience preferred. Send letter and CV to S. 
Meshkov, M.D., 838 W. State St., Trenton, NJ 
08618, 9~11ap 


NEURORADIOLOGIST DIRECTOR, MRI AND 
NEURORADIOLOGY—This outstanding oppor- 
tunity within an established, free-standing imag- 
ing center is available to an experienced neuro- 
radiologist. Directorship of this center requires 
extreme commitment and offers meaningful 
rewards. Desirable greater Los Angeles area 
location. To discuss this further, please send your 
CV in confidence to our management group, 
Med-Evai Services, 8447 Wilshire Bivd., Ste. 113, 
Beverly Hills, CA 90211, Attn: Edward Giron. 9a 


CHAIRMAN, DEPT. OF RADIOLOGY—West 
Virginia University School of Medicine invites ap- 
plicants for chair of the Dept. of Radiology. This 
endowed position, vacant because of the retire- 
ment of the chairman, requires the leadership of 
a nationally recognized radiology educator with 
strong clinical, teaching, and research credentials 
to administer the clinical and academic programs 
of the dept. The dept. enjoys superb facilities and 
state-of-the-art diagnostic equipment in a beau- 
tiful new teaching hospital on the campus of the 
Health Sciences Center of the parent university. 
The deadline for receipt of applications is Oct. 1, 
1989. Interested candidates should forward CV to 
William A. Neal, M.D., Chairman of the Search 
Committee, Dept. of Pediatrics, WVU Schoo! of 
Medicine, Morgantown, WV 26506. An equal 
opportunity employer. 9a 
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PERMANENT HOSPITAL PRACTICE AND RADI- 
OLOGY GROUP POSITION—immediate opening 
for board-certified, nuclear medicine physician in 
12-person, fee-for-service radiology group with 
medical schoo! affiliation and 2 clinic offices. 
Expertise in nuclear cardiology necessary. Teach- 
ing involved. Midwestern location at St. Francis 
Medical Center, a 700-bed, tertiary-care medical 
center with 12 radiologists and 130 radiology dept. 
personnel. Outpatient clinic. There are 84,000 in- 
patient and 56,000 outpatient radiologic exams/yr. 
Nuclear medicine division consists of 5000 sq. ft. 
with approximately 7500 nuclear medicine pro- 
cedures performed per yr Excellent starting 
salary (negotiable) with full partnership antici- 
pated in 12 mo. Send confidential inquiries to 
T. J. Cusack, M.D., Dept. of Radiology, St. Francis 
Hospital, 530 N.E. Glen Oak Ave., Peoria, IL 
61637. 9ap 


DIAGNOSTIC RADIOLOGIST, GEORGIA—Group 
ot 5 board-certified radiologists affiliated with 
300-bed, acute-care hospital in Savannah, GA, 
seeks BC/BE associate. Excellent facilities in- 
clude CT, nuclear medicine with SPECT, general 
and vascular ultrasonography, mammography, 
neuro/angio/interventional, and MRI. Practice in- 
cludes new private office, liberal benefits, and 
early partnership. Demographics include an ex- 
panding economy in an attractive community with 
outstanding recreational resources. Please include 
CV with letter of inquiry to Thomas Philbrick, M.D., 
Savannah Radiologists, P. O. Box 14444, Savan- 
nah, GA 31499. 9-11ap 


THE DEPT. OF RADIOLOGY AT THE UNIVER- 
SITY OF MISSOURI-COLUMBIA is seeking a full- 
time NMR spectroscopist at the assistant pro- 
fessor level. The candidate must have a Ph.D. in 
NMR spectroscopy. Duties include setting up an 
in vivo spectroscopy program for a whole body 
scanner and an animal imager/spectrometer. 
Address inquiries to Robert J. Churchill, M.D., 
Dept. of Radiology, University of Missouri-Columbia 
Hospital and Clinics, One Hospital Dr., Columbia, 
MO 65212. An equal opportunity/affirmative 
action employer. Sap 


THE DEPT. OF DIAGNOSTIC RADIOLOGY AND 
NUCLEAR MEDICINE AT STANFORD UNIVER- 
SITY SCHOOL OF MEDICINE is seeking an 
academic radiologist to coordinate activities 
related to extracranial MRI. The individual must 
be clinically expert in this area and be capable 
of leading the teaching of the subject to house 
staff and medical students. The candidate should 
be able to establish an independent research 
program. We are particularly interested in 
recruiting an individual with interests in cardio- 
vascular MRI/MRS. The position will be at the 
level of associate professor or professor. Stanford 
University is committed to increasing representa- 
tion of women and members of minority groups on 
its faculty and particularly encourages applications 
from such candidates. All interested candidates 
should send a letter of inquiry and CV to Gary M. 
Glazer, M.D., Chairman, Dept. of Diagnostic Radi- 
ology and Nuclear Medicine, Stanford University 
Medical Center, Stanford, CA 94305-5105. 9a 


DIAGNOSTIC RADIOLOGIST, NORTHEASTERN 
PENNSYLVANIA—Opportunity available tor board- 
certified/eligible general radiologist with experi- 
ence in MRI, ultrasound, CT scanning, nuclear 
medicine, and mammography in a 130-bed, com- 
munity hospital located in the pleasant Pocono 
Mountain Resort region of northeast Pennsy!- 
vania. Competitive salary and early partnership. 
The area offers outstanding recreational oppor- 
tunities and is within a reasonable distance of 
New York and Philadelphia. Contact Fred C. Van 
Natta, M.D., Dept. of Radiology, Wayne County 
Memorial Hospital, Honesdale, PA 18431. 9-10a 
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THE DEPT. OF RADIOLOGY, VIRGINIA COMMON- 
WEALTH UNIVERSITY/MEDICAL COLLEGE OF 
VIRGINIA, Richmond, VA, seeks faculty for posi- 
tions in diagnostic radiology: chest, Gl, mam- 
mography, CT/wltraseund/MRI, neuroradiology, 
pediatrics, ER, angio#interventional, and general 
radiology. Our 158-bed facility (205 for pediatric 
patients) is aleve! 1 trauma center. ABR certifica- 
tion of eligibility required. Academic rank and 
salary commensurate with experience. Submit CV 
to A. V. Proto, M.2., Diagnostic Radiology, Medical 
College of Virgiria, MCV Box 47, Richmond, VA 
23298-0047. VCJ/MCV is an equal opportunity/ 
affirmative action employer. Women and minori- 
ties are encouraged to apply. 9-12a 


IMMEDIATE OPENING IN PHILADELPHIA, PA— 
Excellent opporti:nity for diagnostic radiologist to 
join newly formes private group in 260-bed, south 
Philadelphia hospital. Prefer starting date Dec. 
1989; would corsider later. Expertise in angio- 
interventional or rass-sectional imaging desired. 
Practice requiresall areas of diagnostic radiology. 
Fellowship or practice experience preferred. Send 
letter and CV tc Sox 77, AJR (see address this 
section). 9-tlap 








NEURORADIOLOGIST—The University of 
Missouri-Columtia Hospital and Clinics is seek- 
ing a second nevsoradiologist. Board certification 
required. Junior or senior member of ASNR. 
Tenured and nontenured tracks available at assis- 
tant and associate professor levels. Address 
inquiries to Roliert J. Churchill, M.D., Dept. 
of Radiology, University of Missouri-Columbia 
Hospital and Clinuzs, One Hospital Dr., Columbia, 
MO 65212. An equal opportunity/affirmative 
action employer. 3-12a 


SOLO RADIOLOGIST IN QUIET, RURAL 
WESTERN OREGON PRACTICE SEEKING 
BC/BE ASSOCIATE, SUMMER 1990—Full-time 
as locum tenens frst yr, then share practice. Gen- 
eral radiology, ultrasound, and mammography. 
Planning CT. Tins, lifestyle, and conscientious 
quality care mus: be as important as income. 
Send CV to Hugh McMahan, M.D., 1312 Chestnut 
Ave., Cottage Greve, CR 97424; (503) 942-0511 
POT. 9ap 


RADIOLOGIST—Exparnding radiology practice 
has an opening for a radiologist with fellowship 
or postgraduate experience in interventional radi- 
ology. Exceptiona: general radiology talents also 
needed. Special competency in nuclear medicine 
and MRI a plus, but not mandatory. Practice is 
located in Albuquerque, NM and consists of 13 
physicians serving 3 major hospital facilities and 
a separate MAI center. Climate and living condi- 
tions are outstanc:ng. Qualified applicants may 
send CV and references to Radiology Associates 
of Albuquerque, FA., 4001 Indian School Rd., 
N.E., Ste. 300, Albuquerque, NM 87110, Attn: J. 
R. Ellison, Business Manager. 8-10ap 


VASCULAR/INTEPVENTIONAL RADIOLOGIST— 
Fellowship training or equivalent postgraduate 
experience in all aspects of vascular and inter- 
ventional radiology required. Practice at 120-bed, 
JCAHO acute-care hospital near Walt Disney 
World in central Flerida. Qualified applicants may 
send CV to President, Kissimmee Memorial Hos- 
pital, P. O. Box 2103, Kissimmee, FL 32742-2108. 
8-9a 


DIAGNOSTIC RAMIOLOGIST to associate with 
6-person group at county hospital (major trauma 
center) and private office. Partnership after 2 yr. 

~ Start early Septermper cr by arrangement. Equal 
opportunity employer. Contact L. Preger, M.D., 
Highland Hospital, 1411 E. 3ist St., Oakland, CA 
94602; (415) 437-4205. 3-9ap 


CLASSIFIED ADVERTISEMENTS 


MAINE—General radiologist to join busy practice 
affiliated with modern, 92-bed, acute-care hos- 
pital. Diagnostic modalities include ultrasound, 
mammography, angiography, nuclear medicine, 
and mobile CT. Beautiful 4-season recreation area 
close to skiing, hunting, and fishing. Excellent 
school system. Competitive first yr salary with 
partnership available by the second yr. For fur- 
ther information, send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473; (207) 
866-5680 or (207) 866-5658. 8B-11ap 


DIAGNOSTIC RADIOLOGIST—BC/BE diag- 
nostic radiologist to join established radiologist in 
Lexington, KY. Practice includes community 
haspital, pediatric orthopedic hospital, and office. 
No interventional radiology. Procedures include 
MAI (1.0 T), MRA, CT, mammography, fluoro- 
scopy, radiography, ultrasound, and nuclear 
medicine. Siemens equipment throughout office. 
Candidate desired for fall 1989 to coincide with 
reopening of office at a new site. Locum tenens 
desired in interim. Terms negotiable. Contact 
James C. King, Jr., M.D., 3313 Overbrook Dr., Lex- 
ington, KY 40502; (606) 278-7329 or (606) 
229-3330. 8-9ap 


VASCULAR/INTERVENTIONAL RADIOL- 
OGIST-—The Dept. of Radiology of Emory Univer- 
sity Hospital, Atlanta, GA, has a faculty position 
available for a board-certified vascular/interven- 
tional radiologist with fellowship training. 
Academic rank depends on qualifications and ex- 
perience. A strong interest in care of patients, 
teaching, and research is required. Submit ap- 
plication and CV to Stephen L. Kaufman, M.D., 
Director of Vascular and Interventional Radiology, 
Emory University Hospital, 1364 Clifton Rd., N.E., 
Atlanta, GA 30322. Emory University is an equal 
opportunity/affirmative action empicyer. 8-10a. 


EUGENE, OR—BC/BE, general, and axiai imag- 
ing radiologist. Group of 9 radiologists in Pacific 
Northwest seeking a new associate for a grow- 
ing radiology practice. All imaging modalities 
represented are state-of-the-art. Practice is in a 
400-bed hospital with an excellent referring staff. 
A very democratic, fair radiology group and a 
great environment to raise a family make this 
opening especially desirable. Two yr to full part- 
nership. Prepartnership compensation nego- 
tiable, commensurate with experience. Prefer 
fellowship experience in MRI, CT, or ultrasound 
with Doppler. Please send CV to L. Paul Wilson, 
M.D., 667 E. 12th Ave., Ste. 110, Eugene, OR 
97401. 8-10ap 


INTERVENTIONAL/DIAGNOSTIC RADIOL- 
OGIST—immediate opening for a board-certified 
diagnostic radiologist in Providence. RI. Well- 
established private practice of 5 radiologists en- 
compassing a tertiary-care hospital and 1 private 
office. Interventional fellowship, interest in general 
diagnostic radiology, and teaching skills required. 
Address CV and inquiries to Allan M. Deutsch, 
M.D., Director, Dept. of Radiology, Miriam 
Hospital, 164 Summit Ave., Providence, RI 02906; 
(401) 274-3700, ext. 4408. 8-10ap 


RADIOLOGIST—Board-certified/eligible. Oppor- 
tunity to join a multispecialty group that is af- 
filiated with the University of Alabama School of 
Medicine. Candidate must be experienced in 
general diagnostic radiology, arteriography, ultra- 
sound, nuclear medicine, and CT. Attractive base 
salary and fringe benefits package. Write or cail 
Neal M. Miller, M.D., P O. Box 55845, Birm- 
ingham, AL 35255-5845; (205) 934-5942, 8-9ap 


RADIOLOGIST—Associate diagnostic radiologist 
to join a group of 4. Hospital and private practice. 
Ail imaging capabilities. Angiography and nuclear 
medicine. One hr from Boston. Reply Box R12, 
AJR (see address this section). 7-9ap 
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DIAGNOSTIC RADIOLOGIST—Two positions: 1 
full-time leading to early partnership, 1 full-time 
salary for 1 yr. We are a private practice group 
of 7 full- and 2 part-time board-certifiad radiolo- 
gists, all with prior fellowship and/or faculty status, 
practicing general radiology with specialty in- 
terests accommodating all diagnostic and inter- 
ventional modalities, including MRI. Our 350-bed 
hospital is a primary teaching affiliate of Univer- 
sity of Massachusetts Medical School with year- 
round medical students and house staf? in several 
dept. The Berkshire Mountains are a desirable 
summer, winter, and fall foliage resort communi- 
ty, less than 3 hr drive to all major northeastern 
cities. Quality of our practice, hospita:. affiliated 
office, and style of life are superior. Please res- 
pond with CV to Stuart Masters, M.D., Chairman, 
Dept. of Radiology, Berkshire Medical Center, 725 
North St., Pittsfield, MA 01201, 8-11ao 


DIAGNOSTIC RADIOLOGIST sought to join a 
fee-for-service group practice in a 458-sed Bronx 
hospital. Board certification with expertise in ultra- 
sound, MRI, CT, special procedures, and general 
diagnostic radiology preferred. Send CV to St. 
Barnabas Radiological Associates, P. O. Box 
4332, Great Neck, NY 11027, or call M. Gade, 
M.D.; (212) 960-6171. 8~lap 


BC/BE DIAGNOSTIC RADIOLOGIST reeded to 
join a 3-member group at a 210-bed community 
hospital in mid-Michigan. Practice includes gen- 
eral radiography, mammography, CT, nuclear 
medicine, ultrasound, and invasive procedures. 
Generous salary and benefits as well as vacation 
and conference time. Early partnersh p and in- 
vestment opportunity. Send CV to Owosso 
Radiology Associates, 826 W. King St. Owosso, 
MI 48867. 8-9ap 


SAN FRANCISCO BAY AREA, DIAGNOSTIC 
RADIOLOGY-—Full-time position available as of 
July 1989 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desir- 
able. Contact J. Fish, M.D., c/o Walnut Creek 
Radiology, 1844 San Miguel Dr, #302, Walnut 
Creek, CA 94596; (415) 947-0560. 7-9xa 


ON JULY 1, 1990 THE FACULTY OF THE 
UNIVERSITY OF TEXAS MEDICAL SCHOOL AT 
HOUSTON will assume clinical practice, teaching, 
and research at the Lyndon Baines Johnson (LBJ) 
General Hospital, newly constructed by the Har- 
ris County Hospital District, in Houston, TX. LBJ 
General will be a principal medical student 
teaching affiliation of the UTMSH, is ce tified for 
307 beds, and is projected to perform approx- 
imately 130,000 imaging procedures the first yr. 
The Dept. of Radiology at LBJ is fully-equipped 
with new state-of-the-art GE equipment, nciuding 
a 9800 Quick CT scanner with 3-D software and 
an LU angiographic unit, comparable routine, R 
and F, ultrasound, and nuclear equipment. Full- 
time UTMSH faculty positions exist for 5 associate 
professors and 10 assistant professors with 
clinical, teaching, and research interests in all 
aspects of diagnostic imaging. Compensation, 
based upon the most recent AAMC survey, will 
be commensurate with training and experience. 
Candidates must be diplomates of the American 
Board of Radiology or its equivalent, and must 
have a Texas medical license. Applicants are re- 
quested to send their CV to John H. Harris, Jr., 
M.D., D. Sc., and John S. Dunn, M.D., Chairman, 
Dept. of Radiology, the University cî Texas 
Medical Schoo! at Houston, 6431 Fannin, Ste. 
2.132, Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal 
opportunity employer. Women and minorities are 
encouraged to apply. 8-1ta 
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ABDOMINAL RADIOLOGY—Tulane University 
Medical Center has a position available for an ex- 
perienced radiologist with clinical and research 
interests in all aspects of abdominal imaging in- 
cluding ultrasound. Applicants must be ABR- 
certified and eligible for Louisiana licensure. 
Tulane University is an AA/EOE and particularly 
encourages applications from qualified women 
and minority candidates. Please contact Arvin E. 
Robinson, M.D., Chairman, Radiology, Tulane 
University Medical Center, 1430 Tulane Ave., New 
Orleans, LA 70112; (504) 587-7567. 8-10ap 


ALEXANDRIA, VA GROUP seeks BC associate 
for hospital/office practice. Candidate should 
have expertise in all areas of noninterventional 
radiology including nuclear medicine and MR. 
Present 8-person group staffs 400-bed hospital, 
MR center, and active offices. Submit CV to 
William V. Hindle, M.D., Chairman, Dept. of Radi- 
ology, Alexandria Hospital, 4320 Seminary Rd., 
Alexandria, VA 22304. 8-10ap 


NEW HAMPSHIRE—Excellent opportunity for 
young, BC/BE, general radiologist with MRI ex- 
perience to join well-established, busy, small 
group. Live and work in beautiful Connecticut 
Valley Region close to lakes and skiing. Com- 
petitive compensation package leading to part- 
nership, Please send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473; (207) 
866-5680 or (207) 866-5685. 8-10ap 


TWO RADIOLOGISTS, BC/BE to join 2 others 
in N.E. Florida location of St. Augustine. Two 
hospitals, imaging center, and mobile MRI. Ex- 
cellent salary in lovely beach community. Send 
CV to Dr. Lewis or Dr. Mendenhall, St. Augustine 
General Hospital, U.S. 1 South, Box 2208, St. 
Augustine, FL 32085; (904) 824-8431. 7-10ap 


NEURORADIOLOGIST—The University of Texas 
Health Science Center at San Antonio is seeking 
a qualified academic neuroradiologist to fill an im- 
mediate opening. Send cover letter and CV to 
John R. Jinkins, M.D., Director of Neuroradiology, 
University of Texas Health Science Center, 7703 
Floyd Curl Dr, San Antonio, TX 78284-7800. 
6-llap 


NORTHWEST TEXAS—Four-person group, ser- 
vicing a 356-bed adult medical-surgical hospital 
and a 16-physician internal medicine clinic, has 
need for a radiologist with particular interest 
and/or training in ultrasound including Doppler. 
Hospital has 2 new ATL Mark IX units. 1600 ultra- 
sound exams, including 325 Doppler exams, per- 
formed this past yr. Radiology dept. getting new 
CT scanner and special suite this yr. Interested 
parties send CV to Radiological Associates, 1901 
Medi-Park, Ste. 101, Amarillo, TX 79106. 7-9ap 


MINNEAPOLIS, MN—Practice opportunity for a 
board-certified radiologist with subspecialty in- 
terest in musculoskeletal imaging. MR expertise 
and procedural skills mandatory. Large volume 
of invasive spine and orthopedic procedures. 
Practice is based at a rapidly growing, privately 
owned, freestanding, outpatient imaging center 
equipped with GE 9800 Quick and 8800 CT scan- 
ners, 2 GE Signa 1.5-T MR scanners, and related 
fluoroscopic-radiographic and ultrasound equip- 
ment. Practice also includes coverage of a 
750-bed, tertiary-care medical center. Three 
radiologists in practice currently. One distant MR 
facility operating, another under construction, and 
plans for more. Investment opportunities for 
radiologists involved in the practice as well as 
academic orientation and opportunity for sub- 
specialization. Outstanding benefits. Send CV 
and responses to Kurt P. Schellhas, M.D., Center 
for Diagnostic Imaging, 5775 Wayzata Blvd., 
Ste. 190, Minneapolis, MN 55416. No telephone 
calls please. All inquiries confidential. 6-9ap 


CLASSIFIED ADVERTISEMENTS 


BREAST IMAGING RADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia has an immediate open- 
ing in a faculty position with emphasis on mam- 
mography and breast ultrasound. Some work in 
the general diagnostic division also is included. 
Jefferson has a large new Breast Imaging Center 
currently averaging about 85 studies/day, as well 
as active research and teaching programs. Excel- 
lent salary and benefits are offered. Contact either 
Stephen A. Feig, M.D., Director of Breast Imaging, 
or David C, Levin, M.D., Professor and Chairman, 
Dept. of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107. Thomas Jeftfer- 
son University is an equal opportunity/affirmative 
action employer. 6-11ap 


PEDIATRIC RADIOLOGIST—Vacancies are avail- 
able in various parts of the Pediatric Radiology 
Dept. at The Hospital for Sick Children, Toronto. 
The hospital is a 560-bed, tertiary-care, pediatric 
center situated in downtown Toronto and affiliated 
with the University of Toronto. 100,000 exams are 
performed each yr, anc the staff includes 17 full- 
time pediatric radiologists and 7 fellows. Positions 
are available in genera! pediatric radiology areas 
as well as in more specialized areas such as neu- 
roradiology. The dept. is equipped with state-of- 
the-art equipment. Applicants must have pediatric 
radiology experience, including 1- and preferably 
2-yr fellowship, and sta‘f radiologists with greater 
experience are certainly most welcome. For fur- 
ther information, please contact A. Daneman, 
M.D., Radiologist-in-Crief, Dept. of Radiology, 
The Hospital for Sick Children, 555 University 
Ave., Toronto, Ontario, M5G 1X8, Canada; 
(416) 598-6026. 9-12a 


DIAGNOSTIC RADIOLOGIST—Radiologists seek 
board-certified radiologist with experience in CT, 
nuclear medicine, general radiology, and ultra- 
sound including Doppler, for a hospital-based, 
private practice in 225-bed general hospital in 
Forest Hills, NY. MRI pending. Immediate open- 
ing leading to partnership. Contact M. Tartell, 
M.D.; (718) 544-5858. 9-10ap 


DIAGNOSTIC RADIOLOGIST—Iwo board-certified, 
university-trained, diagnostic radiologists seek a 
third general diagnostic radiologist for a suburban 
community hospital practice in North Central 
Ohio, 20 min from boating, sailing, and fishing of 
Lake Erie and its islands. Interested applicants 
please calil or write to Matthew Gutowicz, M.D., 
or Luong Tuong, M.D., 23 Patrician Dr., Norwalk, 
OH 44857; (419) 668-8101, ext. 6208, 6209, or 
6210. 7-9ap 


POSITION OPEN IMMEDIATELY—Foriy-physician 
multispecialty clinic, serving central and western 
Kansas, is seeking a board-eligible/certified 
radiologist. Excellent facilities include diagnostic 
radiology, CT, diagnostic ultrasound, nuclear med- 
icine, and mobile MR services. An excellent 
opportunity in a dynamic practice setting. Please 
send CV to Administrator, Hutchinson Clinic, 
2101 N. Waldron, Hutchinson, KS 67502; 
(316) 663-5121. 6-12ap 


PEDIATRIC RADIOLOGIST—The Dept. of Radi- 
ology at Tulane University Medical Center has an 
open position for section chief in pediatric 
radiology. Academic opportunities include ail 
areas of pediatric imaging. Applicants must be 
eligible for LA state licensure and be ABR- 
certified. Tulane University is an AA/EOE and par- 
ticularly encourages applications from qualified 
women and minority candidates. Please contact 
Arvin E. Robinson, M.D., Chairman, Radiology, 
Tulane University Medical Center, 1430 Tulane 
Ave., New Orleans, LA 70112; (504) 587-7567. 
8-10ap 


AJR:153, September 1989 


RADIOLOGIST—Board-certified/eligible radiologist 
wanted to join 3 board-certified radiologists in 
busy, university-affiliated, community hospital 
near Boston. Area offers many educational and 
recreational opportunities. We seek a general 
radiologist with demonstrated ability in mammog- 
raphy, angio/interventional, ultrasound, and CT. 
MR experience a plus. Liberal benefits, vacation, 
and educational leave. Competitive salary leading 
to full partnership in professional corporation. 
Address inquiries to Steven Sitzman, M.D., The 
Maiden Hospital, One Hospital Rd., Malden, MA 
02148; (617) 322-7560, ext. 5164. 7-10ap 


THE OREGON HEALTH SCIENCES UNIVER- 
SITY, Dept. of Radiology, Portland, OR, invites 
applications for faculty positions in MRI, neuro- 
radiology, general radiology, skeletal radiology, 
vascular and interventional radiology, GU 
radiology, pediatric radiology, computed body 
tomography, and ultrasound. A second Ph.D. 
NMR scientist also is being sought. The Oregon 
Health Sciences University is an affirmative ac- 
tion, equal opportunity employer. Send CV to 
Richard W. Katzberg, M.D., Chairman of Diag- 
nostic Radiology, L340, The Oregon Health 
Sciences University, 3181 SW. Sam Jackson Park 
Rd., Portland, OR 97201-3098, 5-4ap 


TEXAS, DIAGNOSTIC RADIOLOGIST—Three 
board-certified radiologists seek compatible 
associate for growing group practice in attractive 
N.E. Texas community. Excellent health resources. 
Modalities include MRI and angiography. Com- 
fortable call arrangement; good salary and 
benefits. Early partnership. Area has strong, diver- 
sified economy, excellent schools, and many 
social and recreational opportunities. Enjoy great 
location, weather, and people. Extraordinary op- 
portunity! Please send CV in confidence, or call 
Vicki Truitt, Physician Resource Network, P. O. 
Box 37102, Fort Worth, TX 76117; (817) 595-1128, 
7-10ap 


ATLANTA, GA--One radiology position. The 
Southeast Permanente Medical Group, Inc., 
Georgia Region, is seeking an additional radi- 
Ologist for a growing radiology dept. serving 
several medical centers throughout the Atlanta 
area. Interested and qualified candidates must be 
board-certified in radiology with expertise in 
general radiology to include CT, ultrasound, and 
mammography. Address inquiries and CVs to Alex 
Daley, M.D., Chief of Radiology, c/o The South- 
east Permanente Medicai Group, Inc., 3355 Lenox 
Rd., Ste. 1000, Atlanta, GA 30326; (404) 233-0555, 
ext. 192. §-10ap 


DIAGNOSTIC RADIOLOGIST—Combined 
hospital/office position available at a large, 
tertiary-care hospital in Phoenix, AZ. The radiol- 
ogy group seeks a new associate who is board- 
certified, and preferably has had an imaging fel- 
lowship and/or academic experience. Competitive 
salary and benefits leading to partnership offered. 
Piease cali Theodore Ditchek, M.D., or Aubrey 
Palestrant, M.D.; (602) 239-4601 or write c/o Dept. 
of Radiology, Good Samaritan Regional Medical 
Center, 1111 E. McDowell Rd., Phoenix, AZ 85006. 
8-12ap 


LARGE, COMMUNITY-BASED RADIOLOGY 
GROUP seeks board-certified radiologist inter- 
ested in part-time position. No night or weekend 
call. Long-term commitment desired. Respon- 
sibilities include general radiography, fluoroscopy, 
mammography, CT (body), and ultrasound. ideal 
practice situation for semiretired radiologist. 
Desirable Southwest community. Competitive 
salary and benefits. Send CV to Radiology, Ltd., 
P. O. Box 12249, Tucson, AZ 85732-2249. 6-Sap 
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ULTRASOUND STAFF RADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital in Philadelphia has an immediate 
faculty opening in its Division of Diagnostic Ultra- 
sound. This is an exciting opportunity for a per- 
son with combined clinical, research, and teach- 
ing interests. Our ultrasound division is 1 of the 
largest and best-equipped in the world, with 
responsibility for the full range of ultrasound 
exams, including obsietrical, vascular, endorec- 
tal and endovaginai, interventional, Doppler, 
operative, and gallstone and kidney stone litho- 
tripsy. Excellent salary and benefits are provided. 
Interested applicants should contact Barry 
Goldberg, M.D., Director of Diagnostic Ultra- 
sound, or David Levin, M.D., Chairman, Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107. Thomas Jefferson Uni- 
versity is an equal opportunity/affirmative action 
employer. 8-tap 

POSITION AVAILABLE IMMEDIATELY for a 
generai diagnostic radiologist with interest in MRI 
and vascular/interventional radiology to complete 
staffing for new VA Medical Center in Minneapolis, 
MN. Dept. includes MRI, CT, cyclotron with PET 
scanner, interventionai vascular suite, neuroradi- 
ology suite, mammography, Doppler ultrasonog- 
raphy, plus more. Affiliated with the University 
of Minnesota with non-tenure-track appointment 
available at appropriate level. Research and teach- 
ing opportunities available. Board certification 
mandatory. One yr feltowship training or equiva- 
lent experience in MRi.or interventional radiology 
desirable. Send letters of inquiry with CV to 
Donovan B. Reinke, M.D., Chief of Diagnostic 
Radiology Service (114), VA Medical Center, One 
Veterans Dr., Minneapolis, MN 55417, EOE. 7-9a 


FACULTY POSITIONS AVAILABLE NYU MED- 
ICAL CENTER, RADIOLOGY DEPT.—Director of 
Ultrasound; ultrasound junior faculty position; 
bone and joint radiology junior faculty position. 
Contact Norman E. Chase, M.D., Professor and 
Chairman, Dept. of Radiology, NYU Medical Cen- 
ter, 550 First Ave., New York, NY 10016. An equal 
Opportunity affirmative action employer. 7-9ap 


NEW HAMPSHIRE—Join BC diagnostic radiolo- 
gisi affiliated with modern, 90-bed, acute-care 
hospital in White Mourtains region. Enjoy state- 
of-the-art general practice that includes in-house 
CT and nuciear medicine. Dept. does over 17,000 
procedures annually. Hiking and skiing at your 
doorstep. Associateship leading to partnership. 
Competitive first yr salary and benefit package. 
Please send CV to New England Health Search, 
63 Forest Ave., Orono, ME 04473; (207) 866-5680 
or (207) 866-5685. 7-9ap 


SOUTHERN. CALIFORNIA—Group of 6 radiolo- 
gists requires permanent, general diagnostic 
radiologist with MRI training. Modern hospital 
dept. and imaging center with all modalities. 
Contact B. Goler, M.D., Dept. of Radiology, 
2101 N. Waterman Ave., San Bernardino, CA 
92404. 7-9ap 


Fellowships and Residencies 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY—Two-yr fellowship starting July 1, 
1990. Peripheral and coronary angiography, 
cardiac catheterization, digital vascular imaging, 
all types of interventiona! procedures, noninvasive 
vascular techniques, and cardiovascular MRI. 
Research time available for participation in orig- 
inal or ongoing clinical and/or laboratory projects. 

. Contact Donald P Harrington. M.D., Dept. of 
Radiology, Harvard Medical School, Brigham and 
Women's Hospital, 75 Francis St.. Boston, MA 
02115. 9-10c 


CLASSIFIED ADVERTISEMENTS 


RESEARCH FELLOWSHIP IN DIAGNOSTIC 
ONCOLOGY, UNIVERSITY OF CALIFORNIA, 
SAN FRANCISCO—A 1- or 2-yr research fellow- 
ship in diagnostic imaging techniques for eval- 
uation of oncology, sponsored by the NCI, is 
available beginning July 1990 at the University of 
California, San Francisco. Under the guidance of 
faculty preceptors, the fellow pursues research in 
the application and evaluation of newer imaging 
techniques for the detection and characterization 
of cancer. The fellowship also includes opportunity 
for some clinical and academic course exposure 
in the fellow’s field of interest. The University of 
California is an equal opportunity/atfirmative 
action employer. Minority groups, women, and 
handicapped individuals are encouraged to apply. 
This program is actively recruiting minorities. For 
further information, contact Henry Goldberg, 
M.D., Professor of Radiology, Dept. of Radiology, 
UCSF, San Francisco, CA 94143-0628. 9c 


ULTRASOUND—The Dept. of Radiology at the 
University of Minnesota has two 1- to 2-yr post- 
residency fellowship training positions in ultra- 
sound available at the rank of instructor 
(temporary, annual renewable) beginning July 1, 
1990. Minimum requirements incluce successful 
completion of an accredited radiology residency 
and board certification in radiology by beginning 
date of fellowship appointment. In addition to 
clinical practice and training, responsibilities will 
include graduate and undergraduate medical 
instruction in ultrasound as well as assisting with 
related departmental research projects. The clin- 
ical practice will provide experience in general 
abdominal, obstetrical, gynecologic, and vascular 
ultrasound using conventional, as well as color 
Doppler, intracavitary, and intravascular technol- 
ogy. It also will provide experience with interven- 
tional procedures under sonographic guidance. 
Salary is negotiable and competitive and depen- 
dent on past scholarly productivity and post-M.D. 
experience, Applicants must be licensed or able 
to obtain license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions for these positions will be accepted through 
Feb. 28, 1990. Send letters to Janis Letourneau, 
M.D., Dept of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota, 420 Delaware St. S.E., Minne- 
apolis, MN 55455. The University of Minnesota is 
an equal opportunity and affirmative action edu- 
cator and employer and specifically encourages 
applications from women and minorities. 9c 


NUCLEAR MEDICINE—The Dept. of Radiology 
at the University of Minnesota has 1- to 2-yr post- 
residency fellowship training positions in nuclear 
medicine available at the rank of instructor (tem- 
porary, annual renewable) beginning July 1, 1990. 
Minimum requirements include successful com- 
pletion of an accredited radiology residency and 
board certification in radiology by beginning date 
of fellowship appointment. In addition to clinical 
practice and training, responsibilities will include 
graduate and undergraduate medical instruction 
in nuclear medicine as well as assisting with 
related departmental research projects. Salary 
is negotiable and competitive and dependent 
on past scholarly productivity and post-M.D, 
experience. Applicants must be licensed or abie 
to obtain license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions for these positions will be accepted through 
Feb. 28, 1990. Send letters to Robert Boudreau, 
M.L., Dept of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota, 420 Delaware St. S.E., Minne- 
apolis, MN 55455. The University of Minnesota is 
an equal opportunity and affirmative action edu- 
cator and employer and specifically encourages 
applications from women and minorities. 9c 
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BODY CT—The Dept. of Radiology at the Univer- 
sity of Minnesota has 1- to 2-yr postresidency 
fellowship training positions in body CT available 
at the rank of instructor (temporary, annual re- 
newable) beginning July 1, 1990. Minimum re- 
quirements include successful completioa of an 
accredited radiology residency and board cer- 
tification in radiology by beginning date of 
fellowship appointment. In addition to elinicat 
practice and training, responsibilities will include 
graduate and undergraduate medical instruction 
in abdominal, thoracic, and musculoskeletal CT 
imaging as well as assisting with related cepart- 
mental research projects. Percutaneous biopsy 
and drainage techniques using CT gu dance will 
be emphasized. Salary is negotiable and compe- 
titive and dependent on past scholarly produc- 
tivity and post-M.D. experience. Applicants must 
be licensed or able to obtain license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications for these positions will be 
accepted through Feb. 28, 1990. Send letiers to 
Robert Halvorsen, M.D., Dept. of Radiology, Box 
292 UMHC, University of Minnesota, 420: Dela- 
ware St. S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
and affirmative action educator and employer and 
specifically encourages applications from women 
and minorities. 9c 

FELLOWSHIPS IN ABDOMINAL IMAGING—The 
Dept. of Radiology at The University of Texas 
Medical School at Houston has openings for 
2 fellowships to begin in July 1991 in abdominal 
imaging. Under faculty direction and supervision, 
candidates will further their training in the specialty 
of abdominal imaging including CT, ultraseund, 
and MRI through 4-mo rotations in each service. 
Candidates will participate in teaching in each 
section at the medical student and resident levels, 
will have the opportunity to conduct basic or 
Clinical research, and will be expected to prepare 
and submit at least 1 scientific article to an ap- 
propriate refereed journal. Candidate must be a 
graduate of an approved U.S. medical schcol or 
its equivalent, must have completed an approved 
residency in diagnostic radiology, must be a 
diplomate of the American Board of Radiclogy, 
and must have a Texas medical license. Please 
submit CV, along with the names and addresses 
of 3 references to John H. Harris, Jr, M.D., Dept. 
of Radiology, The University of Texas Medical 
School at Houston, 6431 Fannin, Ste. 2132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal 
opportunity employer. Women and minorities are 
encouraged to apply. 9-12c 

FELLOWSHIPS IN NEURORADIOLOGY—The 
Dept. of Radiology at The University of Texas 
Medical Schoo! at Houston has openings for 1- 
and 2-yr fellowships to begin in July 1990 and July 
1991 in neuroradiology. Under faculty supervision, 
candidates will be responsible for neuroradiologic 
exams and procedures (i.e., angiograms. myelo- 
grams, CT and MR imaging, and in vivo spectro- 
scopy). The candidate will participate in teaching 
at the medical student and resident levels and will 
conduct basic or clinical research. Candicate 
must be a graduate of an approved U.S. medal 
school or its equivalent, must have completed an 
approved residency in diagnostic radiology, must 
be a diplomate of the American Board of Radi- 
ology, and must have a Texas medical license. 
Please submit CV, along with the names and ad- 
dresses of 3 references to John H. Harris, Jr. 
M.D., Dept. of Radiology, The University of 
Texas Medical School at Houston, 6431 Fannin, 
Ste. 2.132, Houston, TX 77030. The University of 
Texas Health Science Center at Houston is an 
equal opportunity employer. Women and minari- 
ties are encouraged to apply. 9-12c 
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CARDIOVASCULAR/INTERVENTIONAL RADI- 
OLOGY—The Dept. of Radiology at the University 
of Minnesota has four 1- to 2-yr postresidency 
fellowship training positions in cardiovascular/ 
interventional radiology available at the rank of in- 
structor (temporary, annual renewable) beginning 
July 1, 1990. Minimum requirements include suc- 
cessful completion of an accredited radiology 
residency and board certification in radiology by 
beginning date of fellowship appointment. In ad- 
dition to clinical practice and training, respon- 
sibilities will include graduate and undergraduate 
medical instruction in cardiovascular/interven- 
tional radiology as well as assisting with related 
departmental research projects. Salary is negoti- 
able and competitive and dependent on past 
scholarly productivity and post-M.D. experience. 
Applicants must be licensed or able to obtain 
license to practice medicine in the state of Min- 
nesota before appointment date. Applications for 
these positions will be accepted through Feb. 28, 
1990. Send letters to Kurt Ampiatz, M.D., Dept of 
Radiology, Box 292 UMHC, University of Minne- 
sota, 420 Delaware St. S.E., Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity and affirmative action educator and 
employer and specifically encourages applica- 
tions from women and minorities. 9c 


MRI FELLOWSHIP AT THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—A new MAI fellowship 
position has been created in the Dept. of Radi- 
ology of Thomas Jefferson University Hospital, 
Philadelphia. This 1-yr position encompasses a 
full range of clinical and research activities. The 
MRI division includes 6 staff physicians, 2 MRI 
physicists, and 3 Signa systems (1.5 T). The posi- 
tion is available as of Jan. 1990, but applications 
will also be taken for the academic year begin- 
ning July 1990. Send inquiries to Matthew Rifkin, 
M.D., Dept. of Radiology, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, PA 19107. Jefferson 
is an equal opportunity/affirmative action 
employer. 9-6c 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers 6 different fellowship programs 
each yr: ultrasound/CT/MRI - contact Barry 
Goldberg, M.D.; cardiovascular/interventional - 
contact Geoffrey Gardiner, Jr., M.D.; neuroradi- 
ology/ENT - contact Carlos Gonzalez, M.D.; chest/ 
breast imaging - contact Robert Steiner, M.D. or 
Stephen Feig, M.D.; MRI - contact Matthew Rifkin, 
M.D.; and musculoskeletal (including MRI) - con- 
tact David Karasick, M.D. We have a large and 
well-equipped dept. performing 180,000 exams/yr. 
Our ultrasound division occupies a spacious new 
facility and provides training in all phases of ultra- 
sound, including obstetrical, vascular, lithotripsy, 
and endoluminal. The dept. has 3 modern CT 
scanners and operates 3 GE 1.5-T MRI units also. 
The interventional radiology division recently has 
opened an entirely new angio suite housing state- 
of-the-art Philips units with DSA. This division 
performs the full range of both vascular and 
nonvascular interventional procedures. The 
neuroradiology division is housed in a neuro- 
sciences imaging center containing all imaging 
modalities in a single comprehensive facility. 
A large new breast imaging center now operates 
5 mammography units and performs breast ultra- 
sound studies also. All program directors listed 
above can be contacted at the Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equal opportunity/ 
affirmative action employer. 9xc 


CLASSIFIED ADVERTISEMENTS 


ABDOMINAL IMAGING—The Dept. of Radiology 
at the University of Minnesota has five 1- to 2-yr 
postresidency fellowship training positions in 
abdominal imaging including body MRI, body CT, 
and ultrasound availabie at the rank of instructor 
(temporary, annual renewable) beginning July 1, 
1990. Minimum requirements include successful 
completion of an accredited radiology residency 
and board certification in radiology by beginning 
date of fellowship appointment. The fellowship will 
consist of body MRI, CT, and ultrasound rotations. 
Fellows will perform biopsy and drainage proce- 
dures using CT and ultrasound guidance. State- 
of-the-art equipment is available in all of these im- 
aging areas. In addition to clinical practice and 
training, responsibilities will include graduate and 
undergraduate medica! instruction in abdominal, 
thoracic, and musculoskeletal CT imaging as well 
as assisting with related departmental research 
projects. Salary is negotiable and competitive 
and dependent on past scholarly productivity 
and post-M.D. experience. Applicants must be 
licensed or able to obtain license to practice 
medicine in the state of Minnesota before appoint- 
ment date. Applications for these positions will be 
accepted through Feb. 28, 1990. Send letters to 
Robert Halvorsen, M.D., Dept of Radiology, Box 
292 UMHC, University of Minnesota, 420 Dela- 
ware St. S.E., Minneapolis, MN 55455. The 
University of Minnesota is an equal opportunity 
and affirmative action educator and employer and 
specifically encourages applications from women 
and minorities. 9c 


FELLOWSHIP, VASCULAR AND INTERVEN- 
TIONAL RADIOLOGY—The University of South 
Florida, Dept. of Radiology, will offer a 1-yr 
fellowship in vascular and interventional radiology 
to begin July 1, 1990. Clinical experience will in- 
clude the full range of interventional procedures 
including vascular, biliary, and endourologic pro- 
cedures, as well as abscess drainage and percu- 
taneous biopsy. The fellow will rotate between 
the H. Lee Moffitt Cancer Center and Research 
Institute, the James A. Haley VA Hospital, and 
possibly a third affiliated hospital. There is active, 
ongoing clinical research with potential for animal 
work if desired. Interested candidates please con- 
tact Steven S. Morse, M.D., Associate Professor 
of Radiology, University of South Florida, Direc- 
tor of Vascular Radiology, H. Lee Moffitt Cancer 
Center and Research institute, P. O. Box 280179, 
Tampa, FL 33682-0179; (813) 972-8425. 7-9cp 


NEURORADIOLOGY—The Dept. of Radiology at 
the University of Minnesota has four 1- to 2-yr 
postresidency fellowship training positions in 
neuroradiology available at the rank of instructor 
(temporary, annual renewable) beginning July 1, 
1990. Minimum requirements include successful 
completion of an accredited radiology residency 
and board certificaticn in radiology by beginning 
date of fellowship appointment. In addition to 
clinical practice and training, responsibilities will 
include graduate and undergraduate medical 
instruction in neuroradiology as well as assisting 
with related departmental research projects. 
Salary is negotiable and competitive and depen- 
dent on past scholarly productivity and post-M.D. 
experience. Applicants must be licensed or able 
to obtain license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions for these positions will be accepted through 
Feb. 28, 1990. Send letters to Benjamin C. P. Lee, 
M.D., Dept of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota, 420 Delaware St. S.E., Minne- 
apolis, MN 55455. The University of Minnesota is 
an equal opportunity and affirmative action edu- 
cator and employer and specifically encourages 
applications from women and minorities. 9c 
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MRi—tThe Dept. of Radiology at the University of 
Minnesota has two 1- to 2-yr postresidency fellow- 
ship training positions in MRI available at the rank 
of instructor (temporary, annual renewable) begin- 
ning July 1, 1990. Minimum requirements include 
successful completion of an accredited radiology 
residency and board certification in radiology by 
beginning date of fellowship appointment. In 
addition to clinical practice and training, respon- 
sibilities will include graduate and undergraduate 
medical instruction in MRI as well as assisting 
with related departmental research projects. We 
have 2 MR scanners (a 1-T and a 15-T) and apart 
from experience with MR scanning of the brain 
and spine, a large amount of experience with 
musculoskeletal and body MR will be possible. 
Salary is negotiable and competitive and depen- 
dent on past scholarly productivity and post-M.D. 
experience. Applicants must be licensed or able 
to obtain license to practice medicine in the state 
of Minnesota before appointment date. Applica- 
tions for these positions will be accepted through 
Feb. 28, 1990. Send letters to Harry Griffiths, M.D., 
Dept of Radiology, Box 292 UMHC, University of 
Minnesota, 420 Delaware St. S.E., Minneapolis, 
MN 55455. The University of Minnesota is an 
equal opportunity and affirmative action educator 
and employer and specifically encourages appli- 
cations from women and minorities. 9c 


MUSCULOSKELETAL RADIOLOGY—The Dept. 
of Radiology at the University of Minnesota has 
1- to 2-yr postresidency fellowship training posi- 
tions in musculoskeletal radiology available at the 
rank of instructor (temporary, annual renewable) 
beginning July 1, 1990. Minimum requirements in- 
clude successful completion of an accredited 
radiology residency and board certification in 
radiology by beginning date of fellowship appoint- 
ment. In addition to clinical practice and training, 
responsibilities will include graduate and under- 
graduate medical instruction in musculoskeletal 
radiology as well as assisting with related depart- 
mental research projects. This fellowship will en- 
compass ail aspects of musculoskeletal radiology 
including CT, arthrography, and MR. Salary is 
negotiable and competitive and dependent on 
past scholarly productivity and post-M.D. ex- 
perience. Applicants must be licensed or able te 
obtain license to practice medicine in the state of 
Minnesota before appointment date. Applications 
for these positions will be accepted through Feb. 
28, 1990. Send letters to Harry Griffiths, M.D.. 
Dept of Radiology, Box 292 UMHC, University of 
Minnesota, 420 Delaware St. S.E., Minneapolis. 
MN 55455. The University of Minnesota is an 
equal opportunity and affirmative action educator 
and employer and specifically encourages appli- 
cations from women and minorities. 9c 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—Available July 1, 1990. A 
t-yr fellowship program is available at the Lehigh 
Valley Hospital Center in Allentown, PA, a 
492-bed, acute-care facility with Level | Trauma 
Center designation. The fellowship program of- 
fers training in CT (head and body), ultrasound, 
angiography (neuro and visceral), and interven- 
tional radiography. MRI experience also is avail- 
able. For further information, contact Robert 
Kricun, M.D., Dept. of Radiology, Lehigh Valley 
Hospital Center, P O. Box 689, Allentown, PA 
18105. 8-9cp 


RADIOLOGY RESIDENCY IN SAN FRANCISCO 
BAY AREA—Unexpected, immediate opening 
available at 2nd, 3rd, or 4th yr level. Please send 
CV to Edward A. Lebowitz, M.D., Dept. of Diag- 
nostic Radiology, Santa Clara Valley Medical 
Center, 751 S. Bascome Ave., San Jose, CA 95128; 
(408) 299-6370. 9-10cp 
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FELLOWSHIP POSITIONS AVAILABLE IN 
NEURORADIOLC3yY, PEDIATRIC RADIOLOGY, 
AND BODY IMAGING (CT/ULTRASOUND/MRI) 
at Baylor College of Medicine, Texas Medical 
Center, Houston, TX, beginning July 1990. For 
information and: applications, contact Marvin 
Chasen, M.D., Dert. of Radiology, Baylor College 
of Medicine, One Baylor Plaza, Houston, TX 
77030; (713) 798362. 7-9c 


FELLOWSHIP POS!ITIONS—Applications are in- 
vited now for July *@91. Positions are available in 
neuroradiology, vascular/interventional radiology, 
and body imaging ‘CT/ultrasound/MRI). For infor- 
mation, contact James R. Schmidgail, M.D. or 
Richard W. Katzberg, M.D., Chairman, Dept. of 
Radiology, L-340, Dregon Health Sciences Uni- 
versity, 3181 S. W. Sam Jackson Park Rd., 
Portland, OR 97281. 7-6c 


Tutorials/Courses 


FIFTH ANNUAL L@NDON-PARIS FALL ULTRA- 
SOUND—Sept. 17-23, 1989. Category | accredi- 
tation, internation! faculty. For information, con- 
tact Medical Seminars International, 9800 D 
Topanga Canyon Bvd., Ste. 232. Chatsworth, CA 
91311; (818) 700-9821. 3-9d 


Other 


FOURTEENTH ANNUAL BODY IMAGING CON- 
FERENCE-—Hyatt Regency Waikoloa Hotel, 
October 14-21, 1989. MRI, CT, and ultrasound. 
Category | accreditation, university faculty. For 
registration and information, contact Annual 
Body Imaging Conference, 9800 D. Topanga 
Canyon Bivd., Ste. 232, Chatsworth, CA 91311; 
(818) 700-9821. 6-"dp 


CLASSIFIED ADVERTISEMENTS 


AJR Classified Advertisements Information 


Box Responses and Address for Ad Placement 


Write Box _____, AJR, 2223 Avenida de la Playa, Suite 200, La Jolla, CA 92037-3218; 
(619) 459-2229; FAX: (619) 459-8814. 


How to Place an Ad 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or FAX. 

Rates: $6.00/liné with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 in 
sertions; 20% for 4 or more. To estimate lines, count all words and divide by 7. 

Billing: Ads must be prepaid, or advertisers will be billed after the ad appears 
providing a purchase order number is submitted with the advertising copy. Terms are 
net 30 days. 

Deadlines: 6 weeks prior to issue date. For specific deadlines, telephone the AJR 
editorial office. 


Estimating Ad Charges 


Line charge: divide total words by 7 and multiply by $6.00 
Multiple insertions? If so, multiply by number 
Subtotal 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Subtotal 
Box response requested? If so, multiply number of months by 
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Fuji sets the standard 
Super HR Series Films, The Ultimate in Sharpness. 
Fuji’s quest for the ultimate sharpness in medical imaging films has produced 
yet another breakthrough in emulsion technology and set a new standard 
for image quality. 
Fuji’s Sharpest X-ray Film Ever 
XL (Sigma) Localized Latent Image Centers (ELIC) grain technology and 
Crossover Control Technology (CCT) increase the efficiency of the film 
emulsion and significantly reduce the adverse effects of crossover exposure, 
resulting in Fuji’s sharpest x-ray film ever. 
Superior Processing Stability 
Specific Localized Latent Image speck formation with high development po- 
tential (LIC Grain) results in increased tolerance to changes in developer 
temperature. This means Fuji Super HR Series Films provide 
exceptional processing stability for more consistent results. 


Ask your local Fuji representative or call (800)431-1850 
fin CT (203) 353-0300]. 
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The Reason for Change! 
Burbank - Chicago - Stamford, CT. i 
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Ensure Mammographic Diagnostic Quality 


setae 


For Evaluating the Overall 
Imaging Performance of 
a Mammographic System 


m Intended as an integral part of a complete 
mammography QA program: evaluates x-ray 
generator, screen-film combination and film 
processor. 


m Contains calcium carbonate specks which 
better simulate actual clinical conditions 
(“punctate calcifications”) in breast cancer. 


m Uses nylon fibers to simulate “soft tissue 
fibrillar extensions in adipose tissue.” 


E Includes two additional attenuators to check 
phototiming linearity. 


m Includes 5-step air wedge to gauge for image 
contrast. 


For more details, 
request 
Bulletin 4053-44 
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For Quick and Accurate 
Measurements of X-Ray 
Generator Tube Potential 


m Accuracy + 1.5kVp. 
m Range 22-50 kVp (0.1 kVp resolution). 


gw Automatic display reset. 
No remote control cables. 


m Mo/W selector switch. 
m Scope output for waveform analysis. 
m Compact, lightweight, battery-operated. 


SO EASY TO USE 


1. Place instrument on x-ray table. 


2. Set the Mo/W selector switch for your type 
of tube. 


3. Make an exposure. 
4. Read the kVp. 


For more details, 
request 
Bulletin 421-44 


WE CARRY A COMPLETE LINE OF MAMMOGRAPHIC QA PRODUCTS 





AJR Guidelines for Authors 





Address rew and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed tc the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: (301) 528-4133 

The AJP publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts sheuld not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJR or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The follawing guidelines are based on instructions set forth 
in the Uniferm Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles wil be edited, however, to conform to the individual 
style of AJR. 


General Guidelines for Major Papers 


Abstract Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion, including relevant background information. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, co not duplicate tabular data in text, but do describe 
important trends and points. 

Discussien. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 


A3 


purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Soe Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

_________. If appropriate, AUR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 
———— The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 
ae Ail manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 
ere The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure jegends, and figures. 
_....___ Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 
ESE Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 
EET Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 





- The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and Fax number are given. 

— Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 





at tee _ An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

~ No abbreviations or reference citations are used. 


References 


. References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

_.. All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

- Unpublished data are not cited in the reference list, 
but € are e cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

-~ Inclusive page numbers (e.g., 333-335) are given 
for all references. 

. Journal names are abbreviated according to Index 

Medicus. 
Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or less; when seven or more authors, the first three 
are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146: 1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Paper presented at a meeting 
4, Lau FS, Kirk AN. MR imaging of the spine. Presented at the annual 
meeting of the American Roentgen Ray Society, Washington, DC, April 1986 


Tables 


-——--- Each table is typed double-spaced on a separate 
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The Validity and Utility of 
Sonography in the Diagnosis of 
Appendicitis in the Community 
Setting 





Two hundred six patients with suspected appendicitis were examined with sonogra- 
phy over a 6-month period in three community teaching hospitals. Of 41 patients in 
whom the surgeons judged the clinical findings severe enough to warrant immediate 
Surgery (group A), 34 (83%) had appendicitis, and sonography had a sensitivity of 0.76, 
a specificity of 0.71, and an accuracy of 0.76. Of 165 patients in whom the surgeons 
judged the clinical findings severe enough to warrant hospitalization for observation but 
not immediate surgery (group B), 51 (31%) had appendicitis at subsequent surgery. 
Sonography had a sensitivity of 0.96, a specificity of 0.94, and an accuracy of 0.95. Of 
49 surgeons surveyed, the mean testing threshold (i.e., the probability of appendicitis 
below which they would send the patient home without further tests or observation) was 
0.11, and the mean treatment threshold (i.e., the probability of appendicitis above which 
they would operate immediately) was 0.82. The posttest probability of appendicitis with 
findings indicating appendicitis present on sonography was 0.93 in group A and 0.88 in 
group B, and with findings absent on sonography it was 0.62 in group A and 0.02 in 
group B. 

We conclude that in group A patients, the use of sonography remains controversial 
in the diagnosis of appendicitis, but in group B patients it is both valid and useful. 
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The diagnosis of appendicitis is often straightforward with classic clinical findings. 
However, there are many diseases that do not require surgery that can mimic 
appendicitis. In order to prevent complications associated with delayed appendec- 
tomy, surgeons accept a false-positive diagnosis rate of 15-20% [1-3]. 

The purpose of our study was to assess the validity and utility of sonography in 
diagnosing appendicitis in the population of patients arriving at acute-care general 
hospitals with possible appendicitis. Emphasis was given to determining how the 
sonographic findings affected the decisions made by the surgeons. The threshold 
model of decision making described by Pauker and Kassirer [4] was used as a 
basis for dividing patients into two populations: those in whom the clinical findings 
warranted immediate surgery without further observation or testing and those in 
whom the clinical findings warranted hospitalization with monitoring. We determined 
the sensitivity, specificity, and accuracy (validity) of the sonographic examination 
in diagnosing appendicitis and compared the posttest probabilities of appendicitis 
to the surgeons’ threshold probabilities in both populations (utility). 


Subjects and Methods 


The study was performed in three large metropolitan acute-care general hospitals in Grand 
Rapids, MI, serving a population of approximately 500,000. Each is a major teaching hospital 
of Michigan State University Ccllege of Human Medicine. 

For 6 months, January through June 1988, sonography for the diagnosis of appendicitis 
was made available on a 24-hr basis at all three hospitals. During these months, 206 patients 


688 LARSON ET AL. 


were evaluated sonographically for appendicitis on their initial visit to 
the hospital. We estimated this to be about 50% of such cases seen 
during that time. 

Patients evaluated were divided into two groups: group A com- 
prised those who, in the judgment of the attending surgeon, had 
clinical findings sufficient to warrant immediate surgery without further 
testing, and group B comprised those who, in the judgment of the 
attending physician, had clinical findings that warranted hospitaliza- 
tion and monitoring but were not sufficient to warrant surgery. The 
group A patients warranted surgery without sonography; sonograms 
were performed only as part of the study. By the threshold model of 
decision making, group A included those patients who had exceeded 
the treatment threshold and group B included those patients who 
exceeded the testing threshold but not the treatment threshold. No 
standard criteria were used to include a patient in either group; this 
was left to each surgeon's individual judgment. 

At sonography, patients were asked to point to the most painful 
area. An Acuson (Mountain View, CA) 5-MHz linear-array transducer 
was placed over this area. When an appendix was not recognized 
immediately, oblique, transverse, and longitudinal scans of the right 
lower quadrant were obtained by using transducer-applied graded 
compression as described by Puylaert [5]. A sonogram was inter- 
preted as indicative of appendicitis if one wall of the visualized 
compressed appendix was more than 2-mm thick or the total outer 
wall-to-wall diameter of the appendix was greater than 6 mm. Sono- 
graphic findings were interpreted as normal if after careful examina- 
tion the appendix was not seen or, if seen, each single-wall thickness 
was less than 2 mm and the outer wall-to-wall diameter was less 
than 6 mm. 

The diagnosis of appendicitis was established by histologic ex- 
amination in those patients undergoing an appendectomy. Uncompli- 
cated appendicitis had polymorphonuclear leukocytic infiltration of 
the wall without necrosis; gangrenous appendicitis had necrosis in 
part of the wall; and a perforated appendix had through-and-through 
necrosis of the appendiceal wail. It was determined that patients who 
did not undergo surgery did not have appendicitis if their clinical 
findings resolved, as determined by telephone follow-up from 2 to 16 
weeks after the sonographic examination. 

Sensitivity, specificity, and accuracy were used to determine valid- 
ity. These, along with prevalence and predictive values, were calcu- 
lated by using standard epidemiologic definitions [6] and are defined 
in the appendix. In this article, we use the probability of appendicitis 
when sonograms are indicative of appendicitis as the positive predic- 
tive value, and the probability of appendicitis when sonographic 
findings are normal as the complement of the negative predictive 
value (1 — negative predictive value). Prevalence is the same as 
pretest probability. 

At surgical section meetings, 49 surgeons were asked two ques- 
tions: (1) What is the probability of appendicitis below which you 
would send the patient home without further testing? (2) What is the 
probability of appendicitis above which you would take the patient to 
the operating room without further testing? The answer to the first 
question determined their testing threshold; the answer to the sec- 
ond, their treatment threshold. Utility, or usefulness, was ascertained 
by comparing the postsonography probabilities of appendicitis with 
these threshold probabilities. 

Proportions were compared statistically with the chi-square test. 
Of the 206 patients, 41 were taken to the operating room immediately 
and thus constituted group A. Twenty-six surgeons were involved. 
One hundred sixty-five patients were admitted to the hospitals for 
observation for possible appendicitis and constituted group B. These 
patients were initially examined by 37 physicians, some of whom 
were not surgeons, for example, emergency physicians. The propor- 
tion of females in group A, 20 (49%) of 41, was significantly different 


AJR:153, October 1989 


(p < .015) from that in group B, 111 (67%) of 165. The mean age 
was 29 years in group A (range, 11-62 years) and 28 years in group 
B (range, 2-84 years). 


Results 


Of the 41 patients in group A, 34 had appendicitis, yieiding 
a prevalence of 0.83 (Table 1). Of the seven patients who had 
anormal appendix at surgery, five had no additional findings, 
one was found to have a ruptured ovarian cyst, and one was 
found to have a ruptured colonic diverticulum. Appendicitis 
was diagnosed sonographically in 26 of the 34 patients, for a 
sensitivity of 0.76. Of the seven patients with a normal ap- 
pendix, the sonographic diagnosis was accurate in five, for a 
specificity of 0.71. In group A, the overall accuracy for the 
test was 0.76. The probability of appendicitis after a sonogram 
indicative of appendicitis in this group was 0.93, and that after 
a sonogram with normal findings was 0.62. Potentially cor- 
rectable causes of incorrect normal readings were marked 
obesity of greater than 250 pounds (two patients) and ex- 
treme pain (one patient). 

There were 165 patients in group B (Table 2). Fifty-one had 
appendicitis, for a prevalence of 0.31, which is significantly 
different (p < .001) from the prevalence of 0.83 in group A. 
Appendicitis was diagnosed correctly by sonography in 49 of 
those 51 patients, yielding a sensitivity of 0.96; of the 114 
patients without appendicitis, the sonographic diagnosis was 
correct in 107, for a specificity of 0.94. The accuracy of 0.95 
in group B was significantly different (p = .0002) from that in 
group A. The probability of appendicitis with a sonogram 
indicative of appendicitis was 0.88, which is an increase of 
0.57 over the prevalence. The probability of appendicitis with 
a sonogram with normal findings was 0.02, which is a de- 
crease of 0.29 from the prevalence. 

Of the 111 females in group B, 27 had appendicitis for a 
prevalence of 0.24 as compared with the 54 males who had 
a prevalence of 0.44, which was statistically significant at 
p < .01. The sensitivity, specificity, accuracy, and the post- 
sonographic probabilities of appendicitis were not significantly 
different between the males and females. 


TABLE 1: Findings indicating Appendicitis in 41 Patients 
Immediately Taken to Surgery (Group A) 


OOOO SOSS 





Findings indicating Appendicitis Sa ta 

Present on sonography and present on histology 26 
Present on sonography and absent on histology 2 
Absent on sonography and present on histology 8 
Absent on sonography and absent on histology 

Total present on histology 34 
Total absent on histology 7 
Total present on sonography 28 
Total absent on sonography 13 


_ ea ETE LATTE SEN SCT A a ETE STAT TOC TTT DE I STAT TI 

Note.—Prevalence of appendicitis = 0.83, accuracy of sonography = 0.76, 
sensitivity = 0.76, specificity = 0.71, probability of appendicitis with findings 
present on sonography = 0.93. probability of appendicitis with findings absent 
on sonography = 0.62. 
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TABLE 2: Findings Indicating Appendicitis in 165 Patients Hospitalized and Observed (Group B) 
aO 


Findings Indicating Appendicitis 


No. of Patients 








Present on sonography and present on histology 


Present on sonography and absent on histology 
Absent on sonography and present on histology 


Absent on sonography and absent on histology or in 


clinical course 
Total present on histology 
Total absent on histology or in clinical course 
Total present on sonography 
Total absent on sonography 


Total Males Females 
(n = 165) (n = 54) (n = 111) 
49 24 25 

7 3 4 

2 0 2 
107 27 80 
51 24 27 
114 30 84 
56 27 29 
109 27 82 


SSA SDH EES APP ESATA SAE EO ESTA 2ST AE SPIO TT A ATES EEE SSE SPP NTE PS It ON AISA NN 
Note.--Prevalence of appendicitis = 0.31 (males, 0.44; females, 0.24; p < .01, chi-square, df = 1), accuracy of 
sorography = 0.95 (males, 0.94; females, 0.95), sensitivity = 0.96 (males, 1.00; females, 0.93), specificity = 0.94 
males, 0.90; females, 0.95), probability of appendicitis with findings present on sonography = 0.88 (males, 0.88: 
females, 0.85), probability of appendicitis with findings absent on sonography = 0.02 (males, 0.00; females, 0.03). 


Table 3 depicts the frequency distribution of the probabili- 
ties of the 49 surgeons’ testing thresholds (i.e., that probability 
below which they would send the patient home without further 
testing). The mode and median are both 0.10, the mean is 
0.11, and the 25th percentile is 0.05. Table 4 depicts the 
frequency distribution of the 49 surgeons’ treatment threshold 
probabilities (i.e., that probability above which they would 
take the patient to surgery immediately). The mode and 
median are 0.80, the mean is 0.82, and the 75th percentile is 
0.90. 

In group A, two (6%) of the 34 patients with appendicitis 
had a perforation on histologic examination. In group B, 13 
(25%) of the 51 patients with appendicitis had a perforation 
on histologic examination. This difference was statistically 
significant at p < .001. In both groups, appendicitis had been 
diagnosed correctly by sonography in every case of perfora- 
tion. 


Discussion 


Recent studies have shown that sonography is accurate 
for diagnosing appendicitis and that it can accurately identify 
other diseases. regardless of whether they require surgical 
treatment [5, 7-15]. However, the use of sonography in the 
diagnosis of appendicitis remains controversial among sur- 
geons. We felt that by determining the postsonography prob- 
abilities of appendicitis and comparing these with the testing 
and the treatment threshoid probabilities of surgeons, we 
could help resolve this controversy. 

In order for postsonography results to be useful they have 
to relate to surgical decision making. The surgical manage- 
ment of abdominal pain in which appendicitis is a prime 
consideration appeared to lend itself to the threshold model 
of decision making [4]. The surgeons intuitively felt comfort- 
able with the concept of the thresholds because sending a 
person home, admitting them for observation, or immediately 
operating on them described accurately what they do. The 
major difficulty lay in placing a numerical probability on these 
thresholds. As has been found elsewhere, they preferred 
descriptive or qualitative phrases to express the probabilistic 


TABLE 3: Frequency Distribution of Surgeons’ Testing 
Thresholds 
a a ee ee ae eee 





Probability No. of Surgeons 
0.00 3 
0.03 1 
0.05 12 
0.10 19 
0.15 2 
0.20 10 
0.25 1 
0.30 1 


Total 49 
i coomnemesteneiensinimiemesindiintatenhieieaetincaesiiemmeinmtee cite eee 
Note.—25th percentile = 0.05, 50th percentile (median) = 0.10, 75th per- 
centile = 0.15, mode = 0.10, mean = 0.11. 


TABLE 4: Frequency Distribution of Surgeons’ Treatment 
Thresholds 








Probability No. of Surgeons 
0.50 1 
0.60 
0.65 1 
0.70 6 
0.75 1 
0.80 16 
0.85 5 
0.90 13 
0.95 5 


Total 49 





Note.—25th percentile = 0.80, 50th percentile (median) = 0.80, 75th per- 
centile = 0.90, mode = 0.80, mean = 0.82. 


aspects of their clinical judgment [16]. However, in order to 
compare these values with the postsonography probabilities 
we needed to obtain from the surgeons their subjective 
probabilities for these thresholds. These subjective probabili- 
ties varied considerably. For the testing threshold, 33 (67%) 
of the surgeons had probabilities from 0.05 to 0.15, 43 (88%) 
had probabilities from 0.05 to 0.20, and 45 (92%) had prob- 
abilities at or above 0.05. Similarly for the treatment threshold, 
34 (69%) had probabilities from 0.80 to 0.90 and 44 (90%) 
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had probabilities of 0.90 or below. We anticipate that with 
greater familiarity and use of probabilities, threshold probabil- 
ities will become more precise and take on greater meaning 
for the surgeon. 

The prevalence of appendicitis in group B of 0.31 was 
unequivocally in the range between the surgeons’ testing and 
treatment threshold probabilities, above their highest testing 
threshold probability and below their lowest treatment thresh- 
old probability. It was significantly different from the preva- 
lence in group A of 0.83, which exceeded the treatment 
threshold probabilities of 53% of the surgeons. In group A, 
after a sonogram indicative of appendicitis, the probability of 
appendicitis increased to 0.93, exceeding the treatment 
threshold probabilities of all but the five surgeons who had a 
treatment threshold of 0.95. After a sonogram with normal 
findings, the probability of appendicitis fell to 0.62, entering 
the range between the two thresholds where further testing 
is warranted. These patients may benefit from further moni- 
toring and testing rather than immediate surgery; however, 
because of the high number of false-negative cases (24%), it 
is uncertain whether surgeons will put much faith in a sono- 
gram with normal findings, particularly when other clinical 
findings appear compelling. The accuracy of the test in the 
group A patients (0.76) was significantly different from that in 
the group B patients (0.95). It was not known whether this 
decreased accuracy was due to clinical factors that made the 
examination more difficult or whether it was due to the 
examination being hurried because the surgeon was impatient 
to take the patient to the operating room. 

In group B patients, after a sonogram indicative of appen- 
dicitis the probability of appendicitis increased to 0.88, ex- 
ceeding the treatment threshold probabilities of 31 (63%) of 
the 49 surgeons. After a sonogram with normal findings, the 
probability of appendicitis decreased to 0.02, falling below the 
testing threshold probabilities of all the surgeons except the 
three who had a threshold of 0.00. 

Among the females in group B, the prevalence of appendi- 
citis is 0.24 which was significantly different from the 0.44 
prevalence in the males. This was most likely due to the 
higher prevalence of other pelvic disease that is confused 
with appendicitis. After any sonogram, the probability of ap- 
pendicitis in females is not significantly different from that in 
group B as a whole. 

Because these were not consecutive cases, selection bias 
is a major concern. The parameters that could be affected by 
this bias include the sensitivity, specificity, accuracy, preva- 
lence, proportion of females, and the probabilities of appen- 
dicitis after normal or abnormal sonographic findings. Our 
group B patients were very similar to the patients studied by 
Jeffrey, Laing, and Townsend [9]. That study reported the 
following characteristics: sensitivity, 0.90; specificity, 0.96; 
accuracy, 0.94; prevalence, 0.36; and the probability of ap- 
pendicitis after normal or abnormal sonographic findings as 
0.06 and 0.93, respectively. None of these was significantly 
different from our values. Only the proportion of females was 
significantly different (p = .005) with 0.55 in their study and 
0.64 in our study. They did not examine the test characteris- 
tics by gender. As our test characteristics are similar to theirs, 
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it is doubtful that selection bias caused much distortion. 
Whether the difference in proportion of females is from selec- 
tion bias or from a true difference cannot be determined. 

The efficacy of sonographic evaluation in appendicitis de- 
pends on how it affects outcome. Our finding of a higher 
perforation rate in group B suggests that outcome might be 
improved if definitive action were taken immediately on the 
basis of the sonographic findings. Determining efficacy would 
require a clinical trial in which patients warranting hospitali- 
zation for observation for appendicitis would be randomized 
into a group in which the results of sonography would dictate 
appendectomy or into another group in which conventional 
diagnostic evaluation would take place. Outcome measures 
would include important measures of morbidity rate such as 
perforation rates, length of hospital stay, hospital costs, and 
disability days, as well as mortality rate, should any patients 
die. 

In conclusion, the use of sonography in those patients in 
whom the clinical findings of appendicitis strongly suggest 
immediate surgery remains controversial and will probably be 
useful only for those surgeons who demand a very high 
probability of appendicitis before they operate. In those pa- 
tients in whom the clinical findings of appendicitis are ambig- 
uous (i.e., not sufficiently lacking to send a patient home, but 
not sufficient to warrant immediate surgery), we find that 
sonography has high accuracy and that the posttest proba- 
bility of a sonogram indicative of appendicitis exceeds the 
treatment threshold probabilities and the probability of appen- 
dicitis with normal sonographic findings is less than the testing 
threshold probabilities of most of the surgeons in our study. 
Of those patients with ambiguous clinical findings, sono- 
graphic examination seems particularly useful in women. 
Whether sonographic examination of patients with suspected 
appendicitis will improve outcomes remains to be determined. 
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Appendix 


Sensitivity = a/(at+c), specificity = d/(b+d), probability of appendi- 
citis after a sonogram indicative of appendicitis (positive predictive 
value) = a/(a+b), probability of appendicitis after a sonogram with 
normal findings (1— negative predictive value) = c/(c+d), accuracy = 
(a+d)/(at+b+c+d), prevalence (prior probability) = (a+c)/(at+b+c+d), 
where: 


a = number of persons with findings indicating 
appendicitis present on sonography and on 
histology 

b = number of persons with findings indicating 
appendicitis present on sonography and ab- 
sent on histology or clinical follow-up 

c = number of persons with findings indicating 
appendicitis absent on sonography and pre- 
sent on histology 

d = number of persons with findings indicating 
appendicitis absent on sonography and on 
histology or clinical follow-up 
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fa+c) = total number of persons with appendicitis 
(proved by histology) 

(2+d) = total number of persons with no appendicitis 
(proved by histology or clinical follow-up) 

(a+b) = total number of persons with findings indicating 
appendicitis present on sonography 

(:+d) = total number of persons with findings indicating 
appendicitis absent on sonography 

(a+d) = total number of persons with a correct diag- 
nosis by sonography 
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Exercise-Enhanced MR Imaging of 
Variations in Forearm Muscle 
Anatomy and Use: Importance in MR 
Spectroscopy 





31P MR spectroscopic studies of forearm exercise frequently assume that the volume 
sampied is appropriate for the muscle of interest and that individual variations in muscle 
anatomy and use are not important. Postexercise MR imaging was used to assess 
variations in the size, location, and use of forearm flexors and the accuracy of palpation 
as a method for locating the muscle of interest. By using the information obtained with 
MR, the effects of errors in surface-coil position relative to the muscle of interest on °'P 
MR spectroscopy were examined. In the midforearm of seven men, the greatest diameter 
of the flexor carpi ulnaris was 29 + 4 mm, and that of the flexor digitorum superficialis 
was 28 + 6 mm. However, in the proximal forearm, 58 + 10% of the diameter was 
covered by the palmaris longus, when present (79% of subjects). An unexpected finding 
was that a focal portion of the superficial finger flexor was used primarily as a wrist 
flexor in 26% of subjects. Palpation incorrectly identified flexor muscle margins by more 
than 15 mm in 50% of attempts. When a surface coil was positioned over wrist flexors 
during handgrip, attenuation of exercise-induced changes in °'P spectra resulted. 

Exercise-enhanced MR imaging reveals variations in forearm muscle anatomy and 
use that are common and difficult to appreciate by palpation. it therefore allows improved 
localization of the sensitive volume for MR spectroscopic studies of muscle physiology. 
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MR spectroscopy has great potential as a noninvasive probe of skeletal muscle 
physiology [1-12]. However, implicit in these studies is the assumption that the 
sensitive volume samples only muscles actually active during the exercise. Varia- 
tions in muscular anatomy are generally not acknowledged, and muscles are 
assumed to respond to exercise homogeneously. Simple palpation is the primary 
method of localizing muscies of interest. 

We used brief exercise, which causes a transient increase in signal intensity of 
activated muscles on MR imaging [13], to help assess the appropriate sensitive 
volume in MR spectroscopy studies of forearm exercise. Specifically, we asked the 
following questions: (1) Are there normal variants in forearm musculature apparent 
on MR images that could influence spatial localization of those muscles for MR 
spectroscopy? (2) How accurate is palpation in locating forearm flexor muscles? 
and (3) What is the effect of slightly different positions of the RF coil relative to the 
muscles of interest? 


Subjects and Methods 


Studies were performed under protocols approved by the Institutional Review Board for 
Human Experimentation at the University of Texas Southwestern Medical Center and informed 
consent was obtained in each case. Fourteen men and five women 22-54 years old 
participated in the study. No subject regularly engaged in forearm exercise prior to the study. 

Variations in muscle anatomy and use were assessed from finger flexion (handgrip) and 
wrist flexion data. All subjects performed intermittent handgrip exercise to fatigue (2-3 
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minutes) within the bore of the imaging device. Five wrist flexion 
experiments were performed in three men. For this, the wrist was 
placed adjacent to a hinged board attached to a pulley and weight 
that hung over the end of the magnet. The weight was adjusted to 
10% of the subject's body weight. The wrist flexed 45° repetitively 
once per second for 1 min. 

MR imaging was performed before and after exercise in all cases. 
A Diasonics 0.35-T imaging device and 18-cm-diameter quadrature 
detection coil were used. The sequences used were (1) a gradient 
reversal, partial-flip-angle sequence, 500/30 (TR/TE), 30°, with a 
0.95 x 0.95 x 10 mm voxel, a matrix of 256 x 256, and one average; 
(2) short tau inversion recovery (STIR) sequence, 1500/100/40 (TR/ 
TI/TE), with a voxel size of 1.25 x 1.25 x 5 mm, a matrix 128 x 256, 
and '% acquisition. Scan times were 2.0-3.5 min. 

The muscles used in each exercise were identified on the basis 
of increased signal intensity on MR images obtained after exercise 
[13]. By using software on the imaging device, the transverse diam- 
eters of the flexor carpi ulnaris and flexor digitorum superficialis were 
measured at the proximal and middle portions of the forearm. The 
percentage of the flexor digitorum superficialis that was covered by 
the palmaris longus also was determined (Fig. 1). 

Palpation of the forearm flexors as a localization technique prior to 
spectroscopy was assessed in six subjects. The radial margin of the 
flexor carpi ulnaris and the ulnar margin of the flexor carpi radialis 
were palpated during wrist flexion against resistance, and, as previ- 
ously described, the flexor digitorum superficialis is assumed to lie 
between these muscles [1]. These margins were marked with oil- 
filled tubing. The skin was also marked at the junction of the proximal 
and second thirds of the length of the forearm, as defined by easily 
palpated bony landmarks, the medial epicondyle of the humerus and 
the pisiform. A similar axial level was marked halfway along this line. 
Subsequent MR images were then obtained in conjunction with 
handgrip exercise to assess the accuracy of palpation in detecting 
the flexors’ margins and to measure the diameters of the flexor carpi 
ulnaris and flexor digitorum superficialis at the two levels described. 





Fig. 1.—Handgrip exercise-enhanced short tau 
inversion recovery (STIR) image of proximal fore- 
arm facilitates identification and measurement of 
forearm flexor muscles. Transverse diameter of 
flexor digitorum superficialis was measured both 
at level deep to subcutaneous fascia (short black 
line) and deep to palmaris longus (long black line). 
Flexor carpi ulnaris diameter was also measured 
(white line). Oil-filled tubing (arrows) indicates pre- 
dicted, but incorrect, margins of flexor digitorum 
superficialis, as determined by palpation. 


pollicis iongus. 


flexion. 
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The accuracy of palpation as a method for defining the margins of 
forearm flexor muscles was examined by measuring the distance 
between the oil-filled markers and the true margin of the flexor 
muscles as shown by MR imaging after exercise (Fig. 1). 

To assess effects of surface-coil location relative to activated 
muscles, a submaximal exercise protocol was used in a 37-year-old 
healthy man. The submaximal protocol is a standard approach that 
allows repeated exercise at a single sitting without substantial fatigue. 
A single handgrip contraction was maintained at approximately 30% 
of the maximal voluntary force for 4 min; this was repeated four 
times, with a resting interval of 10-30 min between each bout. Force 
was measured by using a transducer connected to a chart recorder 
as previously described [13]; this was done to verify that the same 
force was maintained for each exercise period during both imaging 
and spectroscopy. 

MR images were obtained before and after exercise and inspected 
for evidence of different recruitment patterns with successive bouts 
of exercise. The same protocol was then used in conjunction with 
MR spectroscopy. Forearm flexors were precisely identified with MR 
imaging and marked in the proximal and midforearm. *'P spectros- 
copy data were acquired after each of four of the submaximal 
handgrip protocol described above. Four coil positions were studied: 
(1) position 1—paimaris longus, proximal; (2) position 2—flexor carpi 
ulnaris, proximal; (3) position 3—flexor digitorum profundus, proxi- 
mal; and (4) position 4—flexor digitorum superficialis, middle. After 
MR spectroscopy, a faint impression made on the skin by the surface 
coil was marked with ink. MR imaging was again performed with oil- 
filled, mock surface coils to confirm the position of the coil in relation 
to the muscles of interest. 

3P MR spectroscopy was performed on a 30-cm-diameter, 1.9-T, 
horizontal bore magnet (Oxford instruments, Oxford, U.K.) interfaced 
to an NT-80 console (General Electric Instruments, Fremont, CA). A 
2-cm-diameter, single-turn surface coil was used at 32.5 MHz to 
collect *'P spectra. Shimming was performed on the proton signal 
obtained from the surface coi! at 80.4 MHz. For each data acquisition, 





Fig. 2.—Variations in muscle brightening after comparable wrist flexion. 

A, in one subject, flexor digitorum profundus (fdp) and superficialis (fds) remain less bright than 
wrist flexors, flexor carpi radialis (fcr), palmaris longus (pl), and flexor carpi ulnaris (fcu). 

B, In another subject, who lacks palmaris longus, signal intensity increased in the flexor digitorum 
superficialis, similarly to that in wrist flexors. Note also recruitment of supinator (arrow) and abductor 


In a third subject (not shown), finger flexors and wrist flexors became similarly bright during wrist 
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the magnetic field was shimmed to obtain a proton line width for the 
water peak of less than 30 Hz. Free induction decays were acquired 
after a 20-msec pulse with a cycle time of 2.5 sec. Data were collected 
into a 4000 block. After baseline correction and a trapezoidal multi- 
plication (line oroadening, approximately 12 Hz), the data were trans- 
formed and displayed by using Fourier analysis. 

Before each experiment, two 1-min control spectra were collected 
with normal pulse repetition rates and compared for peak saturation 
effects with a 10-min block acquired with a 15-sec recycle time. Each 
exercise bout was preceded by a 1-min control collection, then eight 
consecutive 1-min blocks were collected during a 4-min exercise 
period and 2 4-min recovery period. 

3P spectra obtained at each position were analyzed, and the 
exercise-induced changes in phosphocreatine, inorganic phosphate, 
and pH were measured. Peak areas were quantitated by using 
software triangulation/integration routines available uncer the Nicolet 
Magnetics Corp. software. Areas were standardized against 1 ml of 
100-mmoi/| methylene diphosphonate in a vial positioned at the coil 
center oppasite the arm. Calculations of adenosine triphosphate 
(ATP) concentration were made relative to the ATP concentration 
during the preexercise rest period and assume a concentration of 5.5 
mmol/kg wei weight muscle. 

The data obtained at each coil position were compared with the 
images acquired immediately after exercise to examine the spectrum 
with respect to the underlying muscles. 


Results 


Exercise-enhanced MR imaging revealed that the palmaris 
longus was present in 15 (79%) of 19 subjects. When present, 
it was superficial to the flexor digitorum superficialis, covering 
59 + 10% of the transverse diameter of that muscle in the 
proximal forearm and 20 + 16% of the diameter in the 
midforearm. The palmaris longus lay adjacent to the flexor 
carpi radialis in ali but one case. In that variant, it was adjacent 
to the flexor carpi ulnaris. 

The sizes of the two muscles most commonly studied in 
forearm spectroscopy, flexor digitorum superficialis and flexor 
carpi ulnaris, are shown in Table 1. In the midforearm of seven 
men, the diameter of both muscles was approximately 28 
mm. 

Postexercise images revealed variations in muscle use. in 
all subjects, handgrip was associated with increased proton 
signal intensity in flexor digitora superficialis and profundus 
and extensor carpi radialis. The supinator and extensor carpi 
ulnaris were brighter after exercise in only 47% of subjects. 
Wrist flexors and finger extensors did not brighten with hand- 
grip in any subject. Wrist flexion was associated with in- 
creased signal intensity in wrist and finger flexors; however, 
the relative degrees of brightness of these muscles varied 
(Fig. 2). 

An unexpected aspect of use of the flexor digitorum super- 
ficialis was identified by MR imaging. In five of 19 subjects, a 
focal portion of the flexor digitorum superficialis showed no 
increase in signal intensity during finger flexion. in the one 
subject with this finding who also performed wrist flexion, the 
portion of the muscle that did not brighten with handgrip did 
so on wrist flexion (Fig. 3). 

The average distance between predicted and actual muscle 
margins was 14.5 + 14.6 mm for the ulnar margin of the 
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TABLE 1: Transverse Diameters of Two Forearm Flexor 
Muscles Measured at Two Standard Levels 

















Flexor Flexor Digitorum Flexor Digitorum 
Carpi Uinaris  Superficialis Superficialis® 

Male (n = 7) 

Proximal 26.8 + 3.3 15.8+7.2 24.5 + 3.4 

Middle 28.6 + 4.3 27.6 + 5.6 27.8 + 5.7 
Female (n = 3) 

Proximal 21.3425 7.34 1.2 16.7 + 1.7 

Middle 21.7431 23.7 + 4.2 23.7 + 4.2 





® Surface width measured deep to palmaris longus. 


flexor carpi radialis and 14.8 + 12.2 mm for the radial margin 
of the flexor carpi ulnaris. Palpation was within 5 mm of the 
designated flexor muscle margins in five of 12 muscles but 
missed by more than 15 mm in six of 12. In only one of six 
were both margins localized within 5 mm. 

The effect of errors in coil position was assessed by using 
MR imaging to define different muscles for subsequent MR 
spectroscopy. With the coil positioned precisely over the 
flexor digitorum profundus in the proximal forearm or the 
flexor digitorum superficialis in the middie forearm, normal 
peak-exercise spectra were obtained showing the expected 
large inorganic phosphate accumulation and phosphocreatine 
depletion (Fig. 4 and Table 2). 

When the coil was placed at positions that may result from 
typical palpation errors, such as over wrist flexors, MR spec- 
troscopic estimates of inorganic phosphate increases ranged 
from 1.5- to 5.7-fold above control level, and the phospho- 
creatine level fell 9-42%, depending on the coil position. 
These values yielded changes in the phosphocreatine/inor- 
ganic phosphate ratio, which ranged from approximately one- 
half to one-tenth the resting value depending solely on the 
position of the coil relative to the muscle of interest. 


Discussion 


Despite the acknowledged importance of knowing the lo- 
cation and size of the sensitive volume in °'P MR spectros- 
copy [14], few studies of forearm exercise address the ques- 
tion of the appropriate physiologic location or size of the 
sample volume [1-3]. We found that MR imaging of the 
exercised limb identified variations of forearm musculature 
that may affect the appropriate location and size of the 
sensitive volume in forearm spectroscopy. 

An anatomic variant relevant to MR spectroscopy is the 
palmaris longus, present in 79% of subjects. The variability 
of this muscle is well known [15], but its importance in MR 
spectroscopy is not. Like other wrist flexors, it is inactive 
during handgrip and will attenuate the apparent metabolic 
changes reflected in "P MR spectra induced in an overlying 
coil. 

Size is another anatomic variable relevant to MR spectros- 
copy because it fundamentally limits the maximal appropriate 
sensitive volume in MR spectroscopic studies. Because the 
mean diameter of finger flexors and wrist flexors was approx- 
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imately 28 mm in healthy men, sensitive volumes more than 
28 mm wide sample an inappropriately large volume. Smaller 
volumes would be indicated in smaller muscles, such as those 
of women, children, the chronically ill, and the aged. The 
dimensions of the maximum physiologically acceptable sam- 
ple volume is of particular relevance in that present techniques 
for volume-localized spectroscopy frequently use sample vol- 
umes on the order of 3 x 3 x 3 cm? or larger [14]. Our results 
indicate that there will be admixture of signal from active and 
inactive muscles if these volumes are used in forearm spec- 
troscopy. 

Variations in forearm muscle use were revealed by exer- 
cise-enhanced MR imaging. In wrist flexion, the same exercise 
protocol resulted in different muscles becoming bright in 
different subjects. Not only was there variation in apparent 
recruitment of muscles lying beside each other, but com- 
monly, a focal portion of the flexor digitorum superficialis did 
not brighten during finger flexion but did appear to be used 
during wrist flexion. 

On the basis of the small size of forearm muscles and their 
frequent variability, one would predict that palpation of the 
individual flexor muscles would be difficult. To our knowledge, 
there is only one primary method for localizing the muscle of 
interest [1]. In that study, the margins of the flexor carpi 
ulnaris and flexor carpi radialis were palpated during wrist 
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Fig. 3.—Common variant in forearm muscle 
use, shown at proximal (A and B) and middie (C 
and D} forearm levels during wrist flexion (A and 
C) and finger flexion (8 and D). Flexor digitorum 
superticialis includes a portion that is used as a 
finger flexor (F) and one that is used as a wrist 
flexor (W). fer = flexor carpi radialis; fcu = flexor 
carpi ulnaris; fdp = flexor digitorum profundus. 


flexion against resistance. It was assumed that wrist flexors 
were accurately located and that the muscle between these 
margins was the flexor digitorum superficialis. 

We compared the predicted position of the flexor digitorum 
superficialis based on palpation with the actual muscle posi- 
tion determined by using exercise-enhanced MR imaging. In 
the proximal forearm, palpation was accurate (within 5 mm) 
in defining wrist flexor margins in only five of 12 cases. 
Palpation was performed in young, normal-weight subjects 
with normal amounts of subcutaneous fat by an investigator 
with a thorough knowledge of forearm anatomy. Thus, it is 
unlikely that the result was due to investigator technique but 
that more fundamental factors were at work. 

Examination of the exercise-enhanced images provided 
reasons for the inaccuracy of palpation, even with a trained 
examiner. First, MR imaging shows that the finger flexors 
may be recruited during wrist flexion. Hence, they become 
tense and cannot be differentiated from wrist flexors on 
physical examination. Second, the primary muscle of interest, 
the flexor digitorum superficialis, is actually not superficial but 
lies in the middle muscle layer of the anterior forearm, deep 
to the palmaris longus, and therefore is difficult to distinguish 
on palpation. Third, the assumption made by others that the 
flexor digitorum superficialis is the muscle between the pal- 
pated margins of flexor carpi radialis and ulnaris [1, 9, 10] 
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Fig. 4.—Effect of coil position on spectra. 

A and:B, Pesthandgrip short tau inversion re- 
covery (STIR) images show coil positions used for 
forearm spectroscopy relative to activated mus- 
cles in proximal (A) and mid (B) forearm. 

C-F, Coil positions 1-4, respectively, were cho- 
sen in proximal forearm to sample palmaris longus 
(C), flexor carpi ulnaris (D), and flexor digitorum 
profundus (E) and in middle forearm to sample 
flexor digitorum superficialis (F). Although com- 
parable exercise was performed at each of the 
four coil positions, “P spectra show markedly dif- 
ferent results cepending solely on coil position. 
This is most obvious for the variability of inorganic 
phosphate accumulation and phosphocreatine 
breakdown; °’P peaks represent, from left to right, 
methylene diphosphonate (external standard), in- 
organic phosphate, phosphocreatine, gamma 
adenosine triphosphonate (ATP), alpha ATP, and 
beta ATP. 
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TABLE 2: MR Spectroscopy-Derived Estimates of Phosphorus 
Metabolites Depending on Coil Position 


Group/Position No. Pi = PCr 


PCr/Pi ATP ADP pH 





Control 3.1 24.8 8 5.5 5.8 7.06 
1 (at rest) 

Exercise 
1 48 226 47 5.5 105 7.07 
2 11.1 20.1 1.8 5.5 96 6.84 
3 15.2 16.3 1.1 5.5 241 6.97 
4 17.6 143 08 5.6 25.3 6.87 


eS a FSA ESAE ER RAA A ERRES 
Note.—-All phosphorus estimates are in mmol/kg. Pi = inorganic phosphate; 


PCr = phosphocreatine; ATP = adenosine triphosphate; ADP = adenosine 
diphosphate. 


was shown by MR imaging to be correct only in the minority 
of persons in whom the palmaris longus is absent. 

On the basis of these findings, one would predict consid- 
erable variability in MR spectroscopic data due to errors in 
positioning the sample volume. Our data corroborate those 
of others [1] that this is indeed the case. Coils placed over 
muscles that did not show a change on MR imaging produced 
attenuated spectral changes with exercise due to admixture 
of active and inactive muscle within the sensitive volume. 
Coils placed over muscles that became bright on MR imaging 
showed the expected normal spectral changes. It is obviously 
important to determine if an attenuated metabolic response 
is due to coil position or to a true metabolic defect. Hence, 
the underlying anatomy, size, and use of the exercising mus- 
cles must be known for interpretation of MR spectra to be 
meaningful. 

We conclude that normal variations of forearm muscle 
anatomy and use affect MR spectroscopy in important ways. 
Therefore, regardless of the spectral localizing technique 
used, a means of confirming the position of the sensitive 
volume within the muscle of interest is needed for meaningful 
results to be reliably obtained. Because exercise-enhanced 
MR imaging is unhampered by the inadequacy of palpation 
to define the muscles of interest, it can be used to direct 
physiologically appropriate sampling in *'P MR spectroscopy 
studies of forearm exercise and should be useful in future 
investigations. 
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High-Resolution Carotid Sonography: Past, Present, and 


Future 


Daniel H. O'Leary’ and Joseph F. Polak 


Carotid sonography has proved to be highly accurate in 
deteciing and quantifying carotid atherosclerosis. By far the 
most common indication for these examinations is for triage 
of patients at risk for stroke. In the absence of significant 
carotid stenosis, surgery usually is not contemplated. An 
abnormal study, on the other hand, may lead to angiography 
and, possibly, endarterectomy. Thus, noninvasive testing has 
focused on the accurate detection and quantification of high- 
grade lesions. Yet the prevalence of 50% or greater stenoses 
in the general population is low. This article discusses how 
evolving medical therapies and technology are reshaping the 
role of noninvasive carotid sonography, with increasing em- 
phasis on early identification of wall abnormalities. 


Carotid Endarterectomy and Noninvasive Studies 


The perception that carotid endarterectomy can prevent 
stroke:has been the driving force for the steady increase in 
the use of noninvasive carotid imaging. It was C. Miller Fisher, 
a neurologist, who first contemplated the possibility that 
surgery might be effective in treating the signs and symptoms 
of extracranial carotid occlusion [1]. In 1954, Eastcott et al. 
[2] described the first successful carotid endarterectomy. The 
operation caught on quickly because it was relatively easy to 
perform and had low reported associated morbidity and mor- 
tality rates. Also it appeared beneficial to certain groups of 
patients, particularly those with transient ischemic attacks 
(TIAs) and a significant stenosis in the extracranial carotid 


artery. In 1971, about 15,000 carotid endarterectomies were 
performed in nonfederal hospitals in the United States. In 
1985, the number had grown to 107,000 [3]. Carotid endar- 
terectomy had become the second most common vascular 
procedure performed in the United States; coronary bypass 
surgery is the most common. 


Initial Noninvasive Studies 


Because not all patients with TIAs have an operable lesion, 
and because angiography carries its own risks, early on there 
was interest in developing noninvasive tests that could identify 
flow-reducing lesions. It was found that a hemodynamically 
significant decrease in flow to the brain did not occur until 
narrowing of the carotid artery exceeded 75% of the cross- 
sectional area or 50% of the diameter [4]. The first noninva- 
sive studies developed to identify such stenoses were indirect 
ones. They detected alterations in vascular beds distal to the 
carotid bifurcation, principally in and around the orbit. They 
offered high specificity, poor sensitivity, and no clue as to the 
site of the abnormality [5]. 


Duplex Sonography 


Later, systems that used either continuous-wave or pulsed- 
wave Doppler sonography with probes placed on the neck 
were used to detect directly obstructing lesions of the carotid 
bifurcation by identifying abnormal flow patterns. In 1974, 
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Doppler and B scans were first linked and given the name 
duplex imaging [6]. Because the quality of B-mode scanning 
at that time was poor, sonograms were used mostly to assist 
in the placement of the Doppler sample volume. This tendency 
to emphasize the Doppler component of the duplex study, 
and not the anatomic image, was reinforced by the fact that 
extensive plaque often makes the sonogram suboptimal be- 
cause of acoustic shadowing and reverberation artifacts [7]. 

This approach found further support because of the high 
accuracy reported with Doppler grading of stenoses. For 
stenoses of greater than 50%, accuracies of greater than 
90% were routinely achieved with noninvasive testing when 
compared with angiography [5, 7-13]. A well-functioning 
noninvasive carotid laboratory, by appropriately screening 
patients, has been shown to decrease significantly the pro- 
portion of negative arteriograms obtained [14]. In some cen- 
ters, selected patients with symptoms and positive duplex 
imaging studies may proceed to surgery without angiography 
[13, 15]. 


Sonographic Characterization of Plaque 


Although emphasis has been on the use of duplex sonog- 
raphy to study the disturbed hemodynamics of significant 
stenosis, its potential for studying plaque morphology has not 
been overlooked. Ulcerated, although not highly stenotic, 
plaques at the carotid bifurcation can serve as the nidus for 
the formation of emboli that cause both TIAs and stroke [16, 
17]. Also, on the basis of analysis of plaques removed at the 
time of carotid endarterectomy, it has been postulated that 
recent hemorrhage in plaque is a stroke risk [18-20]. Thus, 
the finding on sonography of an irregular surface that could 
suggest ulceration or an anechoic area within plaque that 
could suggest recent hemorrhage can serve as justification 
for surgery, particularly in symptomatic patients (21, 22]. 
However, the clinical significance of plaque morphology re- 
mains uncertain (23, 24]. Furthermore, the ability of sonog- 
raphy to quantify reliably and reproducibly specific morpho- 
logic features of plaque is controversial [25-27]. Although the 
use of sonography in this setting is one of the more exciting 
developments in noninvasive testing, its clinical utility remains 
under active investigation. 


Current Trends in the Surgical Treatment of Carotid 
Stenosis 


Through 1985, the number of carotid endarterectomies 
performed and noninvasive carotid studies ordered grew 
steadily. The indications justifying surgical intervention broad- 
ened. Much of this growth was related to the availability of 
noninvasive technology, which could be used to screen many 
asymptomatic patients and to detect significant extracranial 
atherosclerosis in those with symptoms. Then in 1986 there 
was an abrupt change. The number of endarterectomies 
performed actually fell for the first time from 107,000 in 1985 
to 83,000. The drop was even more dramatic when regression 
estimates using data from 1971 to 1985 estimated that 
127,000 endarterectomies should have been performed in 
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1986 [28]. The reason for this sudden reversal is that over 
the three decades since its inception, carotid endarterectomy 
had become one of the most controversial procedures in 
medicine [29, 30]. As the number of surgical interventions 
increased, articles began to appear that called attention to 
the fact that there was scant proof that the operation was 
effective, that the indications for the procedure were not well 
defined, and that the complication rates were excessive in 
some institutions and communities. Other articles appeared 
defending carotid endarterectomy; all of this resulted in in- 
creasing uncertainty among clinicians about how best to 
manage patients with suspected carotid atherosclerosis [31]. 

This has important implications for the imaging community. 
Currently, noninvasive testing focuses on identifying and 
quantifying significant stenoses, particularly in symptomatic 
patients. Yet it is estimated that only about 35,000 new 
patients are seen each year in the United States who experi- 
ence TIAs and have carotid stenosis [32]. It is clear that most 
of those undergoing endarterectomy do so for other reasons, 
and estimates are that about half of those undergoing this 
operation are neurologically asymptomatic. Most asympto- 
matic or minimally symptomatic patients probably were first 
diagnosed as having carotid disease by noninvasive testing. 
Clearly, surgery in either symptomatic or asymptomatic pa- 
tients can be justified only if surgically treated patients have 
a better long-term prognosis than those managed conserva- 
tively. Although the complication rate for experienced sur- 
geons is 1-2%, the overall combined mortality and morbidity 
rate after carotid endarterectomy has been estimated to fall 
between 5% and 10% [29, 31, 33]. This makes it hard to 
justify surgery, particularly in asymptomatic individuals, unless 
there is convincing evidence of benefit to the patient. 


The Future of Carotid Endarterectomy 


Two prospective randomized multicenter studies recently 
were funded by the National Institutes of Health, one to 
evaluate the efficacy of endarterectomy in asymptomatic pa- 
tients with carotid stenosis and the other to evaluate the 
efficacy of endartectomy in patients presenting with TIAs. 
From these and similar studies, more precise answers should 
be forthcoming as to what criteria identify those patients for 
whom carotid endarterectomy is indicated. Whatever subset 
of patients might remain candidates for surgery, the total 
number of carotid endarterectomies done in the United States 
has probably peaked and probably will continue to decline, 
possibly precipitously. 


Cardiovascular Disease and Carotid Atherosclerosis 


Because the demand for noninvasive carotid testing paral- 
leled the growth of carotid endarterectomy, a decline in the 
need for these tests might now be anticipated. However, this 
may not occur because of the growing realization that carotid 
sonography can be important in the early prevention of car- 
diovascular disease. in a recent review of controversies in the 
management of cerebral vascular disease, Scheinberg [34] 
noted that almost submerged in the intense arguments about 
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carotid endarterectomy is the evidence that TIAs, strokes, 
and asymptomatic carotid stenoses are powerful indicators 
for:coronary artery disease. Because patients with extracra- 
niai carotid atherosclerosis are at high risk of dying from a 
myocardial infarction, Scheinberg suggested that the medical 
community evaluate therapeutic techniques that might reduce 
this risk factor rather than concern themselves only with 
medical or surgical treatment directed at the cerebrovascular 
system. Such a focus would be less dramatic than surgical 
intervention but might be substantially more helpful. Medical 
intervention could take many forms, including searching for 
and managing risk factors, medication, exercise, and diet. Yet 
TIAS, strokes, and asymptomatic carotid stenoses are for the 
most part manifestations of late-stage atherosclerosis. It is 
far more important to identify evidence of extracranial carotid 
atherosclerosis early rather than late in any individual at risk 
for significant atherosclerotic disease. Sonography is the ob- 
vious means of accomplishing this, and, unlike in the past, 
the critical component of the examination will be analysis of 
early changes in the arterial wall, rather than analysis of flow 
disturbances detected by Doppler imaging. 


Wall Changes and Cardiovascular Risk Factors 


The identification of carotid arterial wall abnormalities by 
using sonography has already been shown to correlate 
strongly with the presence of cardiovascular risk factors. In a 
study by Poli et al. [35], computer-assisted measurements of 
the intima-media thickness derived from sonograms of 36 
hypercholesterolemic patients were compared with those of 
31 normal controls. These investigators found a significant 
increase in the wall-thickness measurements of the hypercho- 
lesterolemic patients compared with those of the matched 
controls. They also showed that in the control group, wall 
thickness correlated significantly with age. In a study of 412 
Finnish men (42, 48, 54, or 60 years old) who were assessed 
with high-resolution, B-mode carotid sonography for arterial 
wail thickening, plaque, or stenosis, Salonen et al. [36] ob- 
served a strong and graded relationship between serum low- 
density lipoprotein cholesterol concentration and the preva- 
lence of carotid atherosclerosis. Forty-nine percent of those 
studied were found to have abnormal sonographic studies. 
For 75%, the abnormal sonographic finding consisted of 
“intima-media thickening” of the arterial wall, defined as a 
distance of more than 1.2 mm between the lumen/intima 
interface and the media/adventitia interface. For the remaining 
25%, the abnormal sonographic finding was the presence of 
recognizable plaque or actual stenosis with a 20% or greater 
obstruction of the lumen diameter. The authors concluded 
that the early phases of atherosclerosis can be assessed best 
by B-mode sonography of selected arterial segments. Simi- 
larly, a strong relationship between the extent of extracranial 
carotid atherosclerosis graded by sonography and the pres- 
ence of coronary heart disease was found by Crouse et al. 
[37], who examined 376 volunteers hospitalized for elective 
coronary angiography. Preliminary results from a sonographic 
study of the original Framingham Heart Study cohort [38] 
aiso have shown a strong correlation between the presence 
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of extracranial carotid disease and cardiovascular risk factors. 
The appreciation that early changes seen in the vessel wall 
by using sonography can have a major impact on medical 
treatment of individuals is already well understood by epide- 
miologists. Two large prospective multicenter studies are 
sponsored currently by the National Heart, Lung, and Blood 
institute; these studies involve more than 20,000 subjects 
and are aimed at evaluating risk factors for coronary heart 
disease and stroke. In both of these studies, sonography of 
selected arterial beds is being performed on all participants 
with emphasis on analysis of the arterial wall. 


The Prevalence of Carotid Atherosclerosis 


in all of the studies mentioned, the prevalence and severity 
of carotid disease is related to age. It is well recognized that 
the most important risk factor for ischemic heart disease and 
stroke is age. Yet the prevalence of 50% or greater diameter 
stenosis, even in the very oldest population groups studied, 
has proved low. Although only 18% of the oldest group 
examined in the Finnish study, people aged 60 years, had 
normal sonographic studies, only 5% had a 20% or greater 
obstruction at the most severely affected site. Of 722 individ- 
uals examined so far in the Framingham study, with a mean 
age of 75 years, only 9% had lumen diameter narrowing of 
50% or greater [39]. Thus, the changes that must be sought 
on analysis sonograms are fairly subtle. They will be identified 
reliably only if images are acquired and analyzed carefully and 
uniformly. Detection of high-grade arterial stenoses has been 
made relatively simple, particularly with the introduction of 
color Doppler imaging. Early detection and quantification of 
wall abnormalities is not simple, and yet the benefit to the 
medical well-being of the individual is certainly much greater. 


Carotid Artery Wall Anatomy: Normal and Abnormal 


In normal individuals, the boundaries between the different 
layers of the arterial wall can be shown on high-resolution 
sonograms. These boundaries appear on longitudinal views 
of the carotid arteries as two parallel echogenic lines, sepa- 
rated by a hypoechoic space (Fig. 1). This observation is 
made more consistently in the common carotid artery, where 
the vessel courses parallel to the skin surface and thus 
presents a target at right angles to the sonographic beam. 
Pignoli et al. [40], using gross and microscopic techniques, 
have shown that the first echo along the far wall is derived 
from the lumen/intima interface and the second, normally 
brighter, echo originates from the media/adventitia interface. 
Between these lies the media, which appears as an anechoic 
zone. The distance between these first two lines corresponds 
to the combined thickness of the intima and media. The 
adventitia is quite echogenic and appears as a bright zone 
highlighted along its inner margin by the media. These same 
interfaces also can be seen along the near wall. 

Three factors may affect the accuracy and reproducibility 
of arterial wall thickness measurements. The first is the angle 
of interrogation of the insonating beam. The acoustic inter- 
faces between the different layers of the arterial wall are best 
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distinguished if the beam is perpendicular to the wall. The 
second is the order in which the ultrasound beam crosses the 
different interfaces. A transition between a high acoustic 
impedance region to a low-impedance zone tends to cause a 
gain-dependent reverberation and blurring of the interface. 
For this reason, the periadventitia/adventitia and the media/ 
intima interfaces are detected more accurately on the near 
wall, whereas the lumen/intima and the media/adventitia in- 
terfaces are best seen on the far wall. The third is the 
algorithm used for determining wall thickness. As holds true 
for sonography in general, the thickness or distance mea- 
surement must be obtained with a line perpendicular to the 
interfaces of interest. Point-by-point measurements rely on 
the operator to make a best estimate of the perpendicular. 
An alternative scheme is to have the operator trace out each 
interface and then have an algorithm determine either the 
minimal distance between interfaces or the best fit to the 
perpendicular. 

When near- and far-wall interfaces are not at right angles 
to the ultrasound beam they present a more difficult target. It 
is harder to demonstrate interfaces in vessel segments that 
are curvilinear. In the carotid bulb, where the walls flare, only 
short segments of the wall may be seen on any single frame. 
This same phenomenon may be observed in the proximal 
portion of the internal carotid artery, where the walls may not 
be parallel. Still, by using good-quality equipment and good 
scanning technique, wall lumen/intima and media/adventitia 
interfaces can be identified and measured in both the common 
and internal carotid arteries in normal individuals. 

The earliest changes that can be seen in the arterial wall 
indicating the onset of the atherosclerotic process are fatty 
streaks. The relationship between fatty streaks and mature 
atherosclerosis is unknown. Nor is it clear if this finding can 
be detected with sonography. Fat is weakly echogenic and 
would not be expected to generate a signal. Picano et al. [41] 
pointed out that gaps seen with sonography in the lumen/ 
intima interface of 75 fresh human aorta specimens, the “first 
interface” of the double-line echo pattern, might be a reflection 
of the presence of fatty plaques. Clearly, however, there are 
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Fig. 1.—-B-mode sonogram of nor- 
mal carotid artery shows good defini- 
tion of far-wall boundaries. initial bright 
echo along far wall (straight arrows) 
defines lumen/intima interface. Second 
echogenic line (curved arrows) corre- 
sponds to media/adventitia interface. 
Distance between first echogenic line 
and second corresponds to combined 
width of intima and media. 


Fig. 2.—B-mode sonogram of abnor- 
mai carotid artery. Widening of intima 
and media with focal protrusion of wall 
into lumen of artery (arrows) repre- 
sents early carotid atherosclerosis. 
Near wall appears to be uninvolved on 
this image. 


many other potential explanations for this finding, including 
purely technical ones. Widening of the distance between the 
lumen/intima interface and the media/adventitia interface 
above 1.2 mm does appear to represent an abnormal finding, 
as does focal plaque, however small, and both correlate with 
increased risk for subsequent cardiovascular events (Fig. 2). 
Thus, either finding should be ranked with, and initiate a 
search for, other risk factors such as hypertension, plasma 
concentrations of high-density lipoproteins, and family history. 
The finding of carotid arterial wall abnormalities may well 
provide the rationale for initiating medical therapy with antiath- 
erogenic drugs that are now being developed. Already, large 
multicenter drug trials have been initiated that use carotid 
sonography both to determine entry into the study and to 
monitor progression and regression of disease. 


Scoring the Extent of Atherosclerosis 


Two important issues still need to be resolved before high- 
resolution sonography can be used routinely to measure and 
track the severity of atherosclerosis. The first is a careful 
definition of what constitutes an atherosclerotic lesion. A 
functional definition of the extent of atherosclerotic change 
must encompass both diffuse subintimal thickening and more 
focal changes, which represent plaques. The second is the 
selection of the location where measurements are to be 
performed. Diffuse wall thickening is quantified best in the far 
wall of the common carotid artery. Here, the intima/media 
interfaces are clearly defined, the vessel is parallel to the 
transducer, and changes in the vessel wall are distributed 
more evenly. A maximal wall thickness therefore serves as a 
good measurement. Discrete plaque formation usually origi- 
nates in the carotid bulb and proximal internal carotid artery. 
Attention must therefore be given to the projection or view 
that best delineates the focal abnormality. Although there are 
no steadfast rules, and despite certain difficulties, scoring of 
the extent of atherosclerotic change can be done success- 
fully [37]. 
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The Use af Sonography to Track Disease over Time 


Measurement of arterial wall thickness has not been a 
routine element in the usual noninvasive vascular study. It 
canaot be cone casually or carelessly, because it carries 
implications that will span decades for the patient. Tracking 
charges ia wall thickness over time will very likely become 
a major tool for determining the efficacy of a given treatment 
for an incividual. Thus, measurements must be precise, 
having a tegh degree of reproducibility. Taking a picture and 
using hand-held calipers to make one or two measurements 
at an undefined point will not work in the future. 

Manufacturers of sonographic equipment are beginning 
to provide direct access to the digital signal before digital- 
to-analog eonversion. Thus, the image can be transferred to 
optical disk with no loss in information for sophisticated off- 
line computer-assisted measurement. The image can be 
displayed on a high-resolution monitor, and, by using a 
mouse or similar device, highly reproducible measurements 
of discretesboundary interfaces are possible. The identifica- 
tion ef possible change in wall thickness over time is some- 
what more problematic, because repeat measurements 
shouid be made at the same site on repeat examination. 
Unfortunately, there are only two reliable internal landmarks 
in the carowid system, one being the tip of the flow divider 
and the other being the origin of the carotid bulb. The site 
of maximura cisease may not be easily related to either point 
in a given patient. This can be partly circumvented by making 
measurements over segments of vessel rather than at single 
points, as tnis will result in averaging of results and lessen 
the variabilizy of the measurement. Preliminary data from the 
multicenter Atherosclerosis Risk in Communities [42] study 
have shower that measurements performed in this fashion 
on large numbers of subjects are highly reproducible. 

Most of the newer sonographic imagers already have 
computer-assisted image analysis programs. With the intro- 
ducticn of Figher-resolution linear-array transducers free of 
geometric cstortion, it becomes feasible to measure accu- 
rately and routinely arterial wall thickness. The availability of 
the instrumentation, the clinical recognition of the impor- 
tance of the early subintimal changes in the arterial wall, and 
the passibiliy of early therapeutic interventions on the nat- 
ural progression of atherosclerosis have combined to rede- 
fine the role of the noninvasive laboratory of the future. 
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Sonography of the Male Genital Tract 


Carci B. Benson,' Peter M. Doubilet,' and Jerome P. Richie? 


Advances in sonographic technology and equipment have 
led tc major increases in the clinical applications of sonogra- 
phy. This iseparticularly evident in the field of urologic sonog- 
raphy: in which transducers have been developed for trans- 
rectal’scanring of the prostate; higher-resolution transducers 
are now available for evaluation of the external genitalia; and 
pulsee-wave Doppler imaging has been added to high-reso- 
lution scanrers, permitting direct evaluation of blood flow in 
the penis ard scrotum. Imaging with color Doppler sonogra- 
phy adds yet another dimension to the evaluation of blood 
flow, which has yet to be fully explored in urologic diagnosis. 


Scrotal Sonography 


The scrotum and its contents are best evaluated by using 
high-resolutien transducers with frequencies of 5-10 MHz. 
Because the scrotal contents lie close to the skin surface, 
imaging is performed with either a linear-array transducer or 
a secter scaaner with a standoff device. In addition, Doppler 
sonography, Doth duplex and color, can be used to evaluate 
blood fiow inthe scrotum in normal and pathologic states. 


Focal Lesions 


A major role of sonography of the scrotum is to detect and 
define mtrascrotal masses, to differentiate intra- from extra- 
testicular lesiens, and to distinguish cystic from solid masses. 
Sonography kas a high degree of accuracy in each of these 
areas; it has a sensitivity for tumor detection of close to 100% 


and a 98-100% accuracy for distinguishing cystic from solid 
and intra- from extratesticular lesions [1-5]. The latter capa- 
bility :s critical to the evaluation and subsequent management 
of a patient with suspected testicular cancer, because the 
large majority of extratesticular lesions are benign, while most 
intratesticular tumors are malignant [6-9]. Sonography also 
plays an important role in the evaluation of patients with large 
retroperitoneal masses or an enlarged supraclavicular lymph 
node by depicting small, nonpalpable testicular “primaries,” 
thus cistinguishing extragonadal tumors from primary gonadal 
tumors with metastases [1]. 

Ninety to 95% of malignant testicular tumors are of germ- 
cell origin. Among these, seminomas (40-50%) are the most 
common, followed by mixed germ-cell tumors (40%). Em- 
bryonal carcinoma (15-20%), malignant teratoma (5-10%), 
and, rarely, pure choriocarcinoma account for the rest [6, 
10]. Gn sonographic examination, germ-cell tumors tend to 
be well-defined lesions surrounded by normal testicular pa- 
renchyma (Fig. 1). Most have areas of decreased echogenicity 
and are heterogeneous, but a small minority are predomi- 
nantly hyperechoic. Cystic areas are commonly seen in any 
of the germ-cell tumors except seminoma (Fig. 2). The cystic 
areas are round and smooth with mixed germ-cell tumors, 
malignant teratomas, and embryonal cell tumors. In chorio- 
carcinomas the cystic areas tend to be irregular, because 
they result from hemorrhage and necrosis within the tumors. 
Calcifications may be seen in any cell type (Fig. 3), but are 
most common with teratocarcinomas. Seminomas are usually 
more homogeneous and hypoechoic than the other cell types 
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Fig. 1.—Seminoma. Longitudinal image 
shows well-defined hypoechoic mass (arrows) 
in lower pole of testis surrounded by normal 
testicular parenchyma. 


Fig. 2.—Mixed germ cell tumor. Most of left 
testicle is replaced by tumor, which contains 
anechoic cystic areas. 


Fig. 3.—Embryonal cell carcinoma. Transverse 
image of both testicles shows small hypoechoic 
mass (arrows) in right testicle, which contains 
shadowing calcifications. 





Fig. 4.—Leukemia. Left testicle is enlarged 
because of leukemic infiltration with de- 
creased echogenicity in upper pole (UP), grad- 
ually fading into normal echogenicity of lower 
pole (LP). 


are. Embryonal cell carcinomas are aggressive tumors that 
may be quite large. Pure choriocarcinomas are also very 
aggressive and metastasize early. As a result, patients with 
these tumors commonly present with symptoms caused by 
metastases [1, 6]. 

Although most malignant tumors of the testicle are of germ- 
cell origin, metastases, leukemia, and lymphoma also may 
involve the testicles. Sometimes these lesions, like the germ- 
cell tumors, are well-defined intraparenchymal masses on 
sonographic examination [11]; however, others may appear 
as poorly defined areas of decreased or altered echogenicity 
that gradually fade into normal testicular tissue (Fig. 4) [1]. 
The latter appearance is similar to the appearance of orchitis 
and may present a diagnostic dilemma. A number of benign 
intratesticular processes, including infarct, hematoma, ab- 
scess, and orchitis, also may appear as focal intratesticular 
lesions. All of these can appear as intraparenchymal, round, 
well-defined masses that mimic a tumor (Fig. 5). in some such 
cases, no reliable criteria can differentiate a benign process 
from malignant tumor. In many cases, however, specific son- 
ographic features and clinical presentation may strongly sug- 
gest the diagnosis. In particular, a peripheral wedge-shaped 
lesion suggests infarct [12], a history of substantial recent 
trauma suggests hematoma, and fever and an elevated WBC 


Fig. 5.—infarct. Sonogram shows well-defined hy- 
poechoic mass (cursors) with irregular cystic spaces 
mimicking tumor. 


Fig. 6.—Iintratesticular cyst. Transverse im- 
age shows simple well-defined, thin-walled 
anechoic cyst (arrow) with acoustic enhance- 
ment. 


count suggest orchitis or abscess. In these cases, conserv- 
ative management with clinical and sonographic follow-up is 
often prudent. 

One type of focal lesion that can be diagnosed correctly 
sonographically is a cyst, which can be intratesticular, tunical, 
or epididymal in location. These are very well-defined, ane- 
choic, round lesions with thin smooth walls and distal acoustic 
enhancement. Simple intratesticular cysts are benign lesions 
that often are not palpable [13]. Usually located on the lateral 
side of the testicle near the mediastinum (Fig. 6), testicular 
cysts are uncommon in younger patients [1, 14], but may be 
seen in 8-10% of men over 60 years old [15, 16]. 


Epididymitis and Orchitis 


Infection of the epididymis causes thickening of the epidid- 
ymis, most commonly of the head, but occasionally of the 
body or tail. The involved portion of the epididymis will have 
a heterogeneous echotexture with either increased or de- 
creased echogenicity. Sonographic evaluation is helpful in 
looking for associated testicular involvement with orchitis or 
abscess formation. Focal orchitis is usually located in an area 
of the testicle adjacent to the thickened part of the epididymis 
(Fig. 7). Decreased echogenicity at the periphery of the testis, 
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Fig. 7.— "ocal orchitis. Hypoechoic area at 
periphery œ testicle (cursors) near thickened 
epididymis mimics tumor. 


Fig, 8.—Severe scrotal trauma. Disrupted tes- 
ticle is contaimec within its capsule with irregular 
areas of hemorrhage and damaged tissue. A 
hematocele, ‘uid containing echoes, surrounds 
testicle, 


gradually fading into a normal parenchymal echotexture, will 
be sean[17 13]. Cystic areas within the affected parenchyma 
suggest the presence of an abscess [17-20]. Diffuse orchitis 
without epicidymal involvement sometimes may be seen with 
infections.swch as mumps or tuberculosis. In these cases the 
testicle is enlarged with diffuse and usually homogeneous 
decreased echogenicity. 


Trauma 


Scrotal hematomas are seen most often in patients with a 
substantial festory of trauma. They may be seen in the scrotal 
wall, betweea the layers of the tunica vaginalis (a hematocele), 
within the epedidymis, or within the testicle. As was mentioned 
earlier, whera focal hematoma occurs within the testicle, the 
lesion may mimic a tumor on sonography. The sonographic 
features of a hematoma, however, change rapidly with time. 
Acutely, it wel be heterogeneous, often with increased echo- 
genicity. As the lesion resolves, anechoic cystic spaces with 
interna! septe will replace the heterogeneous mass. Besides 
localizing ane following focal hematomas, sonographic ex- 
amination is fnportant in the management of scrotal trauma 
to diagnose 3r exclude testicular rupture, a condition that 
requires surgical intervention [17, 21]. After testicular rupture, 
disruption of che capsule of the testicle and disorganization 
of the parencayma occur (Fig. 8). An associated hematocele 
is commonly present. 


Hydrocele 


A hycroceie is a congenital or acquired collection between 
the parietal amd visceral layers of the tunica vaginalis lining 
the scrotum. Acquired hydroceles may be idiopathic or result 
from intrascroxal inflammation or, rarely, tumor [22]. Sonog- 
raphy is useful in assessing the scrotum for an underlying 
cause or, in the presence of a large hydrocele, to evaluate 
the testicle because physical examination may be impossible. 
Most hydrocess are anechoic collections surrounding the 
testicle. Occasionally, scattered echoes due to cholesterol 
crystals ar floacing calculi are seen. Septa may also be found 
in some cases. 
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Cryptorchidism 


In patients with cryptorchidism, sonography is 80% suc- 
cessful in locating the undescended testicle because most 
are located at or below the inguinal ring [6, 23, 24]. Unde- 
scended testes usually are smaller than normal testes and 
may have diffusely decreased echogenicity because of atro- 
phy (Fig. 9). Because both testicles are at increased risk for 
cancer, sonographic examination allows assessment of the 
parenchyma bilaterally while locating the cryptorchid testicle. 
It has been advocated by some that sonography be used to 
screen patients with a history of cryptorchidism to detect 
early cancers [25]. 


Infertility 


Scrotal sonography has become an integral part of the 
workup of cases of infertility for detecting unilateral or bilateral 
varicoceles [26]. These lesions may substantially affect sperm 
production and motility. Sonographically, varicoceles appear 
as tubular serpiginous structures more than 2 mm in diameter 
within the scrotum. Venous flow within these structures, 
especially during or immediately after Valsalva maneuvers, 
can be documented in some cases with Doppler sonography 
(Fig. 10); when seen, the presence of flow prevents confusion 
with other extratesticular fluid-filled lesions such as epididymal 
cysts. 


Torsion 


The sonographic appearance of testicular torsion depends 
on the time passed since the acute event. In the first few 
hours, the testicle becomes enlarged, usually with diffusely 
and homogeneously decreased echogenicity. In rare in- 
stances, the acutely twisted testicle may be diffusely hyper- 
echoic [27]. The epididymis also may be enlarged. After about 
10 hr, the testicle develops a heterogeneous echotexture as 
necrosis and hemorrhage occur. Hydroceles may develop as 
well. Since these findings may be similar to those seen in 
epididymoorchitis, a companion study that documents ab- 
sence of blood flow to the twisted testicle may be necessary 
for accurate diagnosis. This can be accomplished by using 
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Doppler sonography (conventional or color) [28] or by radio- 
nuclide imaging [29]. 


Transrectal Sonography of the Prostate 


Transrectal sonography has been available for over 20 
years [30], but only in the last few years have high-frequency 
(7-10 MHz), high-resolution transducers been developed for 
evaluation of the prostate gland. Most transrectal transducers 
are equipped with a water-bath system, consisting of an 
inflatable balloon surrounding the transducer that is filled with 
water once it is placed in the rectum. The balloon offers a 
stand-off for improved sonographic resolution and permits 
mobility of the transducer within the rectum with minimal 
discomfort to the patient. Several different types of probes 
are available. Transverse imaging of the gland can be accom- 
plished by using a radial probe, which images 360° around 
the rectum, or via a sector probe oriented in a plane perpen- 
dicular to the shaft of the transducer. Sagittal imaging of the 
gland may be performed with a linear or sector probe aligned 
parallel to the shaft of the transducer. 

The prostate gland can vary in size and shape, depending 
on the patient. (Fig. 11). The central part of the gland consists 
of hypoechoic periurethral tissue surrounding the proximal 
urethra; glandular tissue surrounds that. The central portion 
is often heterogeneous in echotexture, particularly in older 
patients with benign prostatic hypertrophy (Fig. 12). The 
peripheral zone surrounds the gland posteriorly, laterally, and 
inferiorly and has a homogeneous echotexture. Echogenic 
foci, which may shadow, are often seen at the junction of the 
peripheral zone and the central portion of the gland toward 
midline. These represent crystalline deposits called corpora 
amylacea. 

The seminal vesicles are paired structures located superi- 
orly to the prostate behind the bladder. They are more hypo- 
echoic than the prostate gland and may contain tiny cystic 
areas. 

Prostatic sonography has a number of uses: (1) evaluation 
of patients in whom prostatic cancer is suspected on the 
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Fig. 9.—-Undescended testicle. Longitudinal 
image shows small hypoechoic testicle (cursors) 
in left groin. 


Fig. 10.—Varicocele. Dilated veins (arrows) 
surround left testicle. Altered flow with Valsalva 
maneuver is detected by Doppler imaging. 


basis of digital examination, abnormal laboratory values (e.g., 
elevated prostate-specific antigen), or metastases from an 
unknown primary tumor [31]; (2) biopsy guidance; (3) cancer 
staging; (4) monitoring response to radiation therapy; (5) 
diagnosis and drainage of prostatic abscesses; and (6) eval- 
uation of congenital anomalies of the prostate and seminal 
vesicles. Screening asymptomatic men for prostatic cancer is 
another potential, although still controversial, application of 
transrectal sonography. Each of these uses is considered 
later in this paper. 

Prostatic carcinoma arises in the peripheral zone in approx- 
imately 80% of cases [32]. These lesions, when small, tend 
to be well defined and hypoechoic with respect to surrounding 
tissue (Fig. 13) [33, 34]. Some authors claim that small tumors 
also can appear as hyperechoic lesions [35], but this finding 
has been disputed by others [33]. In either case, as the 
cancer enlarges, mixed or increased echogenicity may be 
seen as the tumor invades the central portion of the gland 
[36]. 

Once a suspicious lesion has been detected in the periph- 
eral zone of the prostate gland, a transrectal biopsy can be 
performed with sonographic guidance. Sonographic guidance 
is especially important for nonpaipable lesions. When the 
lesion is palpable, sonographic guidance can ensure that the 
abnormal area is sampled [37, 38]. Minor complications, 
especially hematuria, are common, occurring in 37% of cases. 
More serious complications such as infection are rare, occur- 
ring in less than 1% [39]. When hypoechoic lesions are 
sampled by biopsy, 21-58% will prove to be carcinoma; the 
remainder are benign [31, 38, 40]. 

In addition to guiding biopsies of suspicious lesions, trans- 
rectal sonography may be valuable for defining the extent of 
disease and determining tumor stage [41]. Tumor spread to 
the seminal vesicles is assessed sonographically by scanning 
longitudinally to identify the superior extent of the tumor. A 
clearly demarcated separation should be seen between the 
prostate gland and seminal vesicles. If it is not, tumor invasion 
may have occurred. Sensitivity for seminal vesicle invasion 
has been found to be 33-60% [42, 43]; specificity of 84% 
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Fig. 11.--Mormal prostate. Transverse image 
of prostate (cursors) shows homogeneous pe- 
ripheral: zone anc hypoechoic periurethral tissue 
centraily. 


was reported in one study [42]. Assessment for capsular 
invasion is another important step in evaluating tumor extent. 
When the tumor has grown through the capsule, the bright 
border of the prostate gland is obliterated on sonography 
(Fig. 14) [35]. An 89% sensitivity for detection of capsular 
invasion by transrectal sonography was reported in one study 
[42]. Larger studies need to be done before the accuracy of 
staging prostate cancer by transrectal sonography is deter- 
mined. 

Transrectal sonography can be used to monitor gland and 
tumor size in patients with prostate cancer treated with 
radiation therapy. The average size of the gland appears to 
be the best parameter for assessing the success of treatment 
[44]. After radiation therapy, the entire prostate gland usually 
shrinks-and becomes hypoechoic. A separate peripheral zone 
may no longer be distinguishable, and the tumor may no 
longer be visible. 

Theutility of transrectal sonography as a screening tool for 
prostate cancer remains controversial. Lee et al. [38] recently 
compared sonography and digital rectal examinations to 
screen for prostate cancer; they found that sonography de- 
tected twice as many cancers as the rectal examinations did. 
In 784 men aged 60 and over, 22 cancers were found by one 
or both diagnostic approaches; of these, 20 were detected 
by sonography and 10 by digital examination [38]. When used 
in combinatien with cigital rectal examination and prostate- 
specifie antigen measurement, the positive predictive value of 
an abnorma! transrectal sonogram increases [45]. These 
studies and ethers, however, leave unanswered several im- 
portant questions that relate to the value of sonography as a 
screening study. What is the sensitivity of sonography for 
early prostate cancer? The study by Lee et al. and other 
studies. do net resolve this issue, because they provide no 
information cencerning the number of cancers missed by both 
sonography and digital examination. More importantly, what 
is the impact of a screening program on life expectancy? This 
depends on several factors, including one about which little 
is known: the natural history of small, nonpalpable prostate 
cancer # left untreated. Are the costs of screening justified by 





Fig. 12.—Benign prostatic hypertrophy. Trans- 
verse image shows markedly enlarged central por- 
tion of gland (cursors) with compression of periph- 
eral zone (arrows). Hypertrophied tissue is heter- 
ogeneous, hypoechoic, and strongly attenuates 
ultrasound beam. 
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Fig. 13.—Prostate cancer. Transverse image 
shows hypoechoic lesions in left peripheral zone 
{cursors}. 


the benefits? This depends on the cost per year of life saved, 
not the more commonly estimated cost per cancer detected. 
Finally, how closely would the results achieved by dedicated 
researchers be duplicated by less interested and expert prac- 
titioners if screening became widespread? In less experienced 
hands, the accuracy of sonography and the reliability and 
safety of sonographically guided biopsy may suffer. The an- 
swers to these questions will require a long-term prospective 
study, ideally a multicenter randomized controlled trial. Only 
if such a study is performed will it be possible, based on data 
instead of conjecture, to justify or reject the use of sonogra- 
phy as a screening study for prostate cancer. 

Imaging of the prostate gland may be important in clinical 
situations other than cancer evaluation. Prostatitis may de- 
velop into an abscess requiring more aggressive therapy. The 
sonographic appearance of a prostatic abscess is of a very 
hypoechoic or anechoic area with acoustic enhancement (Fig. 
15 [46]. In addition to establishing the diagnosis, sonographic 
guidance may be useful for abscess drainage procedures. 

Transrectal sonography can also be used to assess the 
seminal vesicles and prostate in patients with suspected 
congenital anomalies, such as a seminal vesicle or ejaculatory 
duct cyst or absence of a seminal vesicle. These anomalies 
may account for infertility in some patients [47]. 


Sonourethrography 


The anterior urethra can be studied with high-resolution 
sonography. The examination requires distension of the ure- 
thra with fluid, which can be achieved via antegrade or retro- 
grade filling [48, 49]. The antegrade method requires the 
patient to begin voiding. When a full stream of urine is 
achieved, a Zipser clamp is applied to the distal penis. Disten- 
sion of the urethra by the retrograde method is achieved by 
injecting lidocaine urologic jelly via a wide-tipped syringe in 
the meatus. The Zipser clamp is again used to sustain disten- 
sion. We prefer the latter technique, as the antegrade method 
requires substantial patient cooperation, which may not be 
possible. Furthermore, with the retrograde technique, real- 


710 BENSON ET AL. 





14 45 


time scanning can be performed during actual distension by 
injection. 

Once the urethra is distended, the penis is scanned in 
transverse and longitudinal planes to study the penile urethra. 
The bulbar urethra is studied through the scrotum and peri- 
neum. The normal urethra has smooth walls and measures 
more than 4 mm when fully distended (Fig. 16) [50]. By 
scanning in both the transverse and longitudinal planes, three- 
dimensional analysis of any lesion can be performed. 

Sonourethrography has several clinical indications: evalua- 
tion of strictures of the anterior urethra, detection and local- 
ization of stones or foreign bodies, evaluation for urethral 
disruption after trauma, evaluation for urethral diverticula, and 
evaluation of a penile mass. In preliminary studies the sono- 
graphic findings have correlated well with results from con- 
ventional urethrography [49]. Further studies are warranted 
to determine the exact place of sonourethrography among 
the various diagnostic tests available for evaluation of the 
urethra. The sonographic technique has several advantages 
over conventional radiographic studies. Sonography invoives 
no ionizing radiation. This is important for patients with stric- 
tures who may require multiple examinations. lodinated con- 
trast agents are not needed, removing the risk of contrast 
reactions. A three-dimensional evaluation of the urethra is 
possible, rather than the two-dimensional radiographic im- 
ages. With sonography, the soft tissues surrounding the 
urethra can be examined for scarring and other wall abnor- 
malities, as well as for abnormalities in the surrounding corpus 
spongiosum and corpora cavernosa. The disadvantage of this 
technique is its inability to evaluate the posterior prostatic 
urethra. Fortunately, most strictures occur in the anterior 
urethra [51, 52]. Furthermore, when evaluation of the pros- 
tatic urethra is indicated, it can be accomplished sonograph- 
ically by using a transrectal approach. 

On sonographic examination, a stricture of the anterior 
urethra appears as a segment of narrowed lumen, with irreg- 
ularity and thickening of the urethral wall due to fibrosis and 
scarring (Fig. 17). The length of the stricture can be accurately 
measured, and urethral dilatation may be seen proximal to it 
[48, 49]. Intraoperative guidance of stricture dilatation can be 
performed with real-time sonography [48]. 
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Fig. 14.—Prostate cancer invading capsule. 
Hypoechoic lesion in left peripheral zone (cur- 
sors) bulges posteriorly and lacks bright line of 
capsule outside it. 


Fig. 15.—Prostatic abscess. Radial image 
from rectum shows marked thickening of rectal 
wall and periprostatic tissue (cursors). Abscess 
within prostate gland (arrows) is hypoechoic 
with some through-transmission. 


Stones or foreign bodies may be found in the urethra. The 
bulbar and penile urethra should be scanned prior to disten- 
sion of the urethra to locate a stone or foreign body (Fig. 18), 
as it may be dislodged during retrograde filling. The urethra 
can be observed sonographically as the lidocaine jelly is 
injected. 

After trauma, the penis can be scanned by high-resolution 
sonography to detect, locate, and measure a hematoma 
[51]. Sonourethrography can be performed in search of false 
channels communicating with the urethra as a result of ure- 
thral disruption. In the normal patient, no extravasation of 
fluid will be seen with filling of the urethra. 

Urethral diverticula are acquired outpouchings from the 
anterior urethra, probably as a result of previous infection 
[50]. On sonography, these outpouchings are fluid-filled col- 
lections abutting the urethra that change in size with disten- 
sion and emptying of the urethra. 

Palpable nondermatologic penile masses can be studied by 
using sonography to determine the nature of the mass (e.g., 
cystic vs solid); its location; and, with urethral distension, its 
relationship to the urethra. Many benign solid tumors may be 
seen, such as angiomas, fibromas, and neuromas. Other 
penile lesions include inflammatory lesions and inclusion or 
retention cysts of the periurethral glands (Fig. 16) [52]. 


Evaluation of Impotence 


Organic impotence in patients with normal endocrine bal- 
ance and a normal CNS may be due to scarring of the corpora 
cavernosa, arterial insufficiency, or venous incompetence. 
Sonography can be used to distinguish among these three 
causes of impotence. 

Scarring and fibrosis of the corpora cavernosa prevent 
sinusoidal relaxation and filling, even in the presence of ade- 
quate arterial inflow and competent veins [53, 54]. On sonog- 
raphy, poorly defined focal areas of increased echogenicity 
are observed in the corpora cavernosa (Fig. 19) [54]. 

Focal plaques of fibrosis along the tunica albuginea of the 
corpora cavernosa, with or without calcification, cause Pey- 
ronie disease: scarring of the penis that causes pain with the 
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Fig. 16.—Normal penile urethra with adjacent 
inflammatory mass. Distended urethra (arrows) 
has smooth walls and uniform distension. Poorly 
defined mass with hypoechoic cystic center 
(cursors) is separate from urethra. 


thickened urethral wall. 


Fig. 19.--Scarring in corpus cavernosum. 

A, Transverse image of penis shows normal 
echogenicity of left corpus cavernosum (short 
arrows). Within right corpus cavernosum is echo- 
genic area (long errow) caused by scarring. 

B, Longitudina! image of right corpus caver- 
nosum shows echogenic fibrosis (arrows). 


A 


development of an erection. These plaques are visible sono- 
graphically as areas of increased echogenicity, sometimes 
with shadowing [55, 56]. 

The hemodynamic function of the penis can be evaluated 
with duplex scnography, which combines two-dimensional 
and pulsed Doppler imaging. The examination is performed 
in conjunction with pharmacologic vasoactive agents, such 
as papaverine and phenoxybenzamine, which are injected 
into the penis to induce erection (53, 57-60]. The penis is 
scanned before injection, and each cavernosal arterial diam- 
eter is measured. Two minutes after intracorporal injection of 
the vasoactive agent, the cavernosal arterial diameters are 
measured again. Doppler imaging is then used to measure 
the maximum systolic velocity in each vessel. The protocol at 
our institution also includes Doppler assessment of the dorsal 
and cavernosal veins and measurement of the penile erectile 
angle. 

The normal cavernosal artery (Fig. 20) before injection 
ranges in diameter from too small to measure (less than 0.3 
mm) to 0.7 mm. After injection, the normal cavernosal artery 
dilates an average of 0.6 mm to reach a diameter of about 1 
mm. The mean maximum systolic velocity in the artery ranges 
from 35 to 60 cm/sec (mean, 47 cm/sec). No venous flow is 


Fig. 17.—Urethral stricture. Sonogram shows 
focal narrowing of distended urethra (cursors) with 


Fig. 18.—Urethral calculus. Brightly echo- 
genic and shadowing stone (Jong arrow) is 
tocated proximal to urethral stricture. Urethra 
distal to stricture is incompletely distended 
(short arrow). 





B 


detectable in normal patients, and the erectile angle reaches 
greater than 90°C. 

We have found the mean peak systolic velocity to be the 
best diagnostic variable for identifying patients with arterial 
insufficiency. A mean peak velocity of 25-35 cm/sec indicates 
mild to moderate arterial insufficiency, which will most Ikely 
respond to medication rather than require surgery. Peak 
velocities less than 25 cm/sec are seen in patients with severe 
arterial impairment requiring surgical revascularization or 
prosthetic implantation (Fig. 21) [60]. ; 

It has been reported that patients with arterial insufficiency 
have larger preinjection diameters of the cavernosal arteries 
and less dilatation of these arteries after injection, when 
compared with normal controls [53, 57-59]. in our study of 
45 patients, however, we found no statistically significant 
difference in either preinjection diameter or postinjection di- 
latation in patients with and without arterial impairment [60]. 

The ability of duplex sonography to detect venous incom- 
petence has been disappointing. In our study, flow was 
detected in the dorsal vein in fewer than 50% of patients with 
dorsal venous leaks (Fig. 22), and no patients with cavernosal 
venous incompetence were detected with Doppler imaging 
[60]. The diagnosis of venous incompetence can be strongly 
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Fig. 21.—-Severe arterial insufficiency. Doppler signal of right cavernosa! 
artery after papaverine injection shows minimal flow (peak velocity, 20 
cm/sec). 

Fig. 22.—Dorsal venous leak. Doppler assessment of dorsal vein shows 
large amount of venous flow after injection of papaverine. 





suggested when the mean peak velocity is within the normal 
range (greater than 35 cm/sec) and a less-than-90° erection 
is obtained, but cavernosography and cavernosometry are 
recommended for confirmation of the diagnosis and for ana- 
tomic definition [59, 60]. 
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Book Review 





Pocket Atlas of Cardiac and Thoracic MRI. By Jeffrey J. Brown and Charles B. Higgins. New York: Raven, 63 


pp., 1989. $13.95, softcover 


Quick-reference, pocket medical manuals and atlases have been 
increasingly popular in recent years. Medical bookstores have dozens 
of focused diminutive treatises devoted to such topics as approaches 
to treatment in emergency care; recognition of dermatologic lesions; 
and various aspects of diagnostic imaging, particularly sonography. 
The Pocket Atlas of Cardiac and Thoracic MRI easily fits into this 
category. It is attractive, carefully printed, and well illustrated. 

The table of contents lists two sections: “Normal Anatomy” and 
“Abnormal Cases.” The section on normal anatomy consists of T1- 
weighted spin-echo images in the axial plane obtained with a 0.35-T 
scanner. The mediastinal structures in each image are labeled care- 
fully with numerical codes. A key is provided with each page for 
convenience, together with a line drawing for slice orientation. Excel- 
lent-quality sagittal, coronal, and sagittal oblique (equivalent to lateral 
anterior oblique) images follow. Finally, a shorter series of 1.5-T axial 
images and a series of axial, short- and long-axis gradient-refocused 
echo images are included. 

The section on abnormal cases consists of a small panoply of 
images of cardiac and mediastinal pathologic changes, including six 
images, in multiple planes, of the left superior vena cava and one 
image each of pericardial hematoma, atrial septal defect, patent 
ductus arteriosus, and constrictive pericarditis. An image of a malig- 
nant tumor metastatic to the left atrium is included also. 

The goal of this pocket atlas is fulfilled as far as the heart and 
great vessels are concerned. However, there is no special need to 
recapitulate the anatomic levels by showing images obtained with 
both medium and high field strengths. The 0.35-T images are quite 


adequate for this purpose. The muscles of the chest wall, however, 
are not always labeled, and the images do not always show the 
muscles well, either because the contrast resolution is suboptimal or 
the muscles are partially cropped out of the image. The spin-echo, 
coronal, and sagittal images are of excellent quality and are useful to 
the reader, but additional sagittal and coronal gradient-refocused 
echo images would be particularly helpful to sort out the normal 
anatomy as seen with this technique. Only one long-axis image is 
provided, which does not include the left ventricular outflow tract and 
aortic root, so the section would benefit from multiple long-axis views. 

The book has multiple planar images of persistent left superior 
vena cava and axial scans of tetralogy of Fallot and pulmonary atresia. 
However, it has no sagittal or coronal studies of atrial septal defect, 
patent ductus arteriosus, and, particularly, aortic dissection, which 
would benefit greatly from these views. 

Perhaps this volume would be most useful if it were incorporated 
into a pocket atlas that encompassed the entire trunk and appendic- 
ular skeleton without information about pathologic changes but with 
examples of anatomic pitfalls. In its current state, it will be most 
useful to radiologists who see a high percentage of thoracic MR 
cases or to medical students and nonradiologic residents who are 
unfamiliar with MR and cross-sectional anatomy. 


Robert M. Steiner 
Thomas Jefferson University Hospital 
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Serial Assessment of Myocardial 
Infarction by Using Gated MR 
Imaging and Gd-DTPA 





In order to assess the usefulness of Gd-DTPA in the evaluation of myocardial 
infarction, 17 patients were examined with gated MR imaging. Scans were made by 
using a spin-echo pulse sequence before and after IV administration of 0.15 mmol/kg 
of Gd-DTPA. The images were made at four intervals (average of 5, 12, 30, and 90 days) 
after the onset of the infarction. Gd-DTPA uptake at the infarcted area was graded as 
marked, moderate, or no increase in signal intensity by visual inspection. At these four 
time intervals, an area of increased signal intensity in the infarcted myocardium was 
detected on T1-weighted images after administration of Gd-DTPA in 14 (82%) of 17 
cases, 16 (94%) of 17 cases, six (38%) of 16 cases, and three (21%) of 14 cases, 
respectively. Markedly increased signal intensity in infarcted areas was shown cn T1- 
weighted images with Gd-DTPA at 5 and 12 days. The ratio of gadolinium uptake in the 
infarcted area to that in normal myocardium also was evaluated. At 5 and 12 days, the 
mean increase in signal intensity in the infarcted area was significantly higher than that 
in a normal area, but not at 30 and 90 days. increased signal intensity also was apparent 
on T2-weighted images without Gd-DTPA at 5 and 12 days; however, the use of late 
echo reduced the signal-to-noise ratio, leading to image degradation. 

Uptake of Gd-DTPA was a positive marker in acute myocardial infarction, but no 
significant uptake of Gd-DTPA occurred in chronic myocardial infarction. 
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Gated MR imaging has potential as a noninvasive procedure for the identification 
and quantification of acute myocardial infarction. Previous studies have shcwn that 
acutely infarcted myocardium can be visualized on T2-weighted images without 
paramagnetic contrast agents [1, 2]. The use of long echo times, however, reduces 
the signal-to-noise ratio and degrades the image. In addition, slowly flowing blood 
in the ventricle and artifactual variations of signal intensity due to respiratory or 
residual cardiac motion create significant pitfalls [3]. It has been shown that the 
use of Gd-DTPA [4] as an MR contrast material serves to identify acute myocardial 
infarction in dogs [5-8]. The present study was undertaken to determine whether 
Gd-DTPA can be used for the serial assessment of myocardial infarcts in humans. 
Gated MR imaging with Gc-DTPA was performed serially in 17 patients at four 
intervals (average of 5, 12, 30, and 90 days) after the infarction. 


Materials and Methods 
Patients 


Seventeen patients with acute myocardial infarction were included in the study. Myocardial 
infarction was confirmed in all patients by electrographic, serum enzymatic, and cardiac 
catheterization findings. There were nine patients with anterior, five with inferior, ard three 
with nontransmural myocardial infarction according to electrocardiographic criteria. All patients 
were stable enough to be moved safely to the MR imaging unit from the coronary cere unit. 
The group consisted of 16 men and one woman; their mean age was 54 + 8 years (range, 
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39-67 years). There were 14 patients with single, one with double, 
and two with triple vessel disease (>75% stenosis) as determined 
by coronary angiography. Eleven patients had occlusion of an infarct- 
related coronary artery. 


Data Acquisition 


Gated MR imaging was done with a Magnetom H 15 (1.5 T, 
Siemens, Erlangen, W. Germany). Three to four contiguous axial 
sections were obtained by using a spin-echo technique with TE of 35 
and 70 msec. The TR was dependent on the heart rate, the time 





A . B 
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being equivalent to the R-R interval of the ECG (usually 600-1000 
msec). The thickness of each section was 10 mm, and the images 
‘were gated with two excitations. On the axial image at the midven- 
tricular level, we selected the “short axis,” which is perpendicular to 
the interventricular septum. This image plane is similar to the left 
anterior oblique view. Three or four contiguous short axis (left anterior 
oblique) scans from the base to the apex of the heart also were 
made. The scans were repeated with the same pulse sequences 5- 
10 min after IV administration of 0.15 mmol/kg of Gd-DTPA. The total 
scanning time was approximately 1 hr. The scan obtained after Gd- 
DTPA administration was compared with the regular scan for further 
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Fig. 1.—T1-weighted MR images of myocardial infarction (arrows) used in qualitative analysis of Gd-DTPA contrast enhancement. Typical patterns of 
no enhancement (A), moderate enhancement (B), and marked enhancement {C) are shown. 


! 





Fig. 2.—Serial assessment of acute anteroseptal myocardial infarction (arrows) by using gated MR imaging with Gd-DTPA. Pulse sequences were SE 
800/35, SE 600/35, SE 820/35, and SE 820/35 at 5, 12, 30, and 90 days, respectively. 

A, MR scan shows faintly increased signal intensity at anteroseptal region on T1-weighted image before Gd-DTPA administration (top) on days 5 (left) 
and 12 (right). This area is shown more clearly on T1-weighted image after Gd-DTPA administration (bottora). 

B, Conversely, there was no increase in signal intensity and no contrast enhancement on days 30 (left) and 90 (right). 
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analysis. Gated MR imaging was carried out serially at four intervals 
after the infarction (5 + 1 days [<1 week], 12 + 2 days [<2 weeks], 
30 + 5 days [1 month], and 90 + 8 days [3 months]). Fourteen 
patiests underwent ali four scans; two patients had scans made at 
5, 12. and 30 days; and one patient had scans made only at 5 and 
12 days. 


Data Analysis 


images were assessed visually by three independent observers for 
increased signal intensity at the infarcted area. The intensity was 
graded as marked (++), moderate (+), or no (—) increase in signal 
intensity (Fig. 1). The ratio of the signal intensity of the infarcted area 
(i) to that of the normal myocardium (N) in the same tomographic 
slice was assessed quantitatively by using the operator-defined re- 
gion-ci-interest method (usually 50 voxels in each region) from the 
television moniter on T1-weighted images before and after Gd-DTPA 
administration. The statistical significance of the difference in contrast 
enhancement before and after Gd-DTPA administration was evalu- 
ated by using the paired t test. 


Results 


The qualitative score correlated well with the quantitative 
value ir = .84). The mean values of the I/N ratio were 1.24 + 
0.16, 1.46 + 0.28, and 1.68 + 0.24 at no, moderate, and 
marked increase in signal intensity, respectively. Intraobserver 
variability and interobserver variability of quantitative analysis 
were .92 and .94 in 10 selected cases. Serial assessment of 
a typical case by using gated MR imaging and Gd-DTPA is 
shown in Figure 2. The anteroseptal region showed slightly 
increased signal intensity on T1-weighted images obtained 
before: Gd-DTPA administration at 5 and 12 days from the 
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Fig. 3.—-Serial changes of area of increased signal intensity after acute 
myocardial infarction on T1-weighted image (SE 600-1000/35). Ant MI = 
anterior myocardial infarction, inf MI = inferior myocardial infarction, NTMI 
= nontranamural myecardial infarction. 
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onset. This infarcted area was clearly shown to be of in- 
creased signal intensity on T1-weighted images after Gd- 
DTPA was administered. On the other hand, no increase in 
signal intensity was seen before Gd-DTPA administration, and 
no contrast enhancement was seen after Gd-DTPA adminis- 
tration at 30 and 90 days. Serial changes in the area of 
increased signal intensity after acute myocardial infarction on 
T1-weighted images, T2-weighted images, and T1-weighted 
images after Gd-DTPA administration are shown in Figures 
3, 4, and 5, respectively. On the T1-weighted image without 
Gd-DTPA, increased signal intensity was observed at 5 and 
12 days in six and 11 cases, respectively. On the other hand, 
on the T2-weighted images, these results were observed in 
13 and 16 cases, respectively. Thus, signal intensity increased 
more often on T2-weighted images than on T1-weighted 
images. These areas of increased signal intensity generally 
disappeared at 30 and 90 days on both images. After Gd- 
DTPA administration, the infarct area could be visualized 
markedly on the T1-weighted images at 5 and 12 days in 14 
and 16 cases, respectively. Considering all patients, an area 
of increased signal intensity was shown at 5, 12, 30, and 90 
days in 35%, 65%, 25%, and 14% of cases on T1-weighted 
images and in 76%, 94%, 38%, and 14% of cases on T2- 
weighted images. After Gd-DTPA administration, the fre- 
quency of appearance of an area of increased signal intensity 
on T1-weighted images was highest; the results at 5, 12, 30, 
and 90 days were 82%, 94%, 38%, and 21% of cases, 
respectively. Markedly increased signal intensity was ob- 
served most often on the T1-weighted images with Gd-DTPA 
at 5 and 12 days (Fig. 6). The signal-intensity ratio after Gd- 
DTPA administration was significantly higher than before, 
1.78 + 0.48 at 5 days (p < .01) and 1.80 + 0.28 at 12 days 
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Fig. 4.—Serial changes of area of increased signal intensity after acute 
myocardial infarction on T2-weighted image (SE 600-1000/70). Ant MI = 
anterior myocardial infarction, inf MI = inferior myocardial infarction, NTMI 
= nontransmural myocardial infarction. 
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Fig. 5.—-Serial changes of increased signal intensity after acute myo- 
cardial infarction on T1-weighted image with Gd-DTPA (SE 600- 1000/35). 
Ant MI = anterior myocardial infarction, Inf MI = inferior myocardial infarc- 
tion, NTMI = nontransmural myocardial infarction. 


(p < .01). This same ratio measured only 1.32 + 0.48 at 30 
days and 1.25 + 0.46 at 90 days (Fig. 7). Furthermore, image 
quality on T1-weighted images after Gd-DTPA administration 
was superior to that on T2-weighted images (Fig. 8). 


Discussion 


Because signal intensity is sensitive to changes in water 
content, acutely infarcted myocardium can be distinguished 
from normal myocardium by using MR imaging [9, 10]. It has 
been shown that the infarcted area appears to be more 
distinct on T2-weighted images [11, 12]. Thus, a long T2 
relaxation time, which reflects the increased water content at 
the infarcted area, results in high signal intensity compared 
with the normal myocardium. In a study by Fisher et al. [3], 
the acute infarcted area was visualized as high signal intensity 
on T2-weighted images in 23 (92%) of 25 patients with acute 
myocardial infarction 3-17 days from the onset of acute chest 
pain. Our study shows that acute myocardial infarction is 
detected more frequently on T2-weighted images (76% and 
94%) than on T1-weighted images (35% and 65%) at 5 and 
12 days, respectively. Thus, MR imaging can be used without 
Gd-DTPA to visualize acute infarcts. In addition, infarct loca- 
tion by MR imaging was compatible with that by ECG criteria. 
There are still, however, several potential pitfalls including the 
need to differentiate the signal from slowly flowing blood in 
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Fig. 6.—Qualitative assessment of area of increased signal intensity in 
acute myocardial infarction by using gated MR imaging with Gd-DTPA. Gd- 
DTPA contrast was observed more clearly after 5 and 12 days than after 
30 and 90 days. T1 = T1-weighted, T2 = T2-weighted, Gd = T1-weighted 
with Gd-DTPA. 
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Fig. 7.—Quantitative assessment of area of increased signal intensity 
in acute myocardial infarction on T1-weighted image by using gated MR 
imaging from Gd-DTPA. Infarct/normal ratios with (+) and without (—) Gd- 
DTPA are expressed as mean + standard deviation. 


the ventricle, as well as artifactual variations of signal intensity 
in the myocardium due to respiratory or residual cardiac 
motion [3]. Furthermore, the use of late echo reduces the 
signal-to-noise ratio, leading to image degradation [6, 7]. 
These drawbacks, therefore, raise the question of whether 
gated MR imaging with Gd-DTPA can improve the identifica- 
tion of location and extent of infarct. 

Gd-DTPA, which shortens T1 and T2 relaxation times, has 
been used for the accurate detection of acute myocardial 
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Fig: 8.—MR image shows moderately increased signal intensity at inferoposterior region without Gd-DTPA. Marked contrast enhancement was obtained 
after Gd-DTPA administration in this region at 12 days from onset of infarction. Pulse sequences were (A) T1, SE 1000/35; (B) T2, SE 1000/70; and (C) 


T1 wits Gd, SE 1900/35. 


infarction in dogs [5-7]. In the excised hearts of these animals, 
the MR contrast was high on the T1-weighted image; the 
mear T1 values from the infarcted area were significantly 
shorter than those from the normal area [5, 6]. This contrast 
enhancement at the infarcted area may be caused by differ- 
ences in the wash-in and wash-out of Gd-DTPA from the 
normal myocardium. In acutely damaged myocardium, Gd- 
DTPA may be delivered to the infarcted area in accordance 
with the extent of collateral circulation, neovascularization, 
and cellular damage. all of which cause slow wash-out from 
the infarct zone [13, 14]. By 10-15 min, however, it has 
largely washed out of the normal tissue, while it remains in 
the zane of injury. As MR imaging during the first few minutes 
is generally impractical, usually it is performed after 10-20 
min, when there is more of the agent in the infarcted zone 
and hence increased signal on T1-weighted images. Contrast 
enhancement was shown on T1-weighted images after Gd- 
DTPA administration at 5 and 12 days in 14 (82%) and 16 
(94%)sof 17 patients, respectively. Of these cases, markedly 
high signal intensity was shown in eight patients (47%) at 5 
days and in nine (53%) at 12 days. Only one patient showed 
no increase in signal intensity on both studies—a result of a 
small subendocardial infarction. 

Gd-DTPA contrast enhancement was not seen at the 
chronic stage. Myocardial scar tissue is composed exclusively 
of connective tissues without viable cells or vessels, hence, 
influx of the contrast medium does not occur [15, 16]. Per- 
sistent high signal intensity at the infarcted area, however, 
was observed in six patients at 30 days and in three patients 
at 90 cays. The mechanism of persistent high signal intensity 
in these patients is unknown, because there were no signifi- 
cant differences in serum creatinine phosphokinase level, left 
ventricular function, and cardiac catheterization data between 
these patients and those exhibiting no persistent enhance- 
ment. The presence or absence of Gd-DTPA contrast en- 
hancement may be caused by differences in the severity and 
extent of the infarcted area in individual cases. Further stud- 


ies, therefore, are needed to evaluate myocardial tissue char- 
acterization by using gated MR imaging with Gd-DTPA. As 
shown in Figure 6, the frequency of high signal intensity at 
the infarcted area on T2-weighted images without Gd-DTPA 
was similar to that on T1-weighted images with Gd-DTPA. 
Although this could be seen as a limitation of gated MR 
imaging with Gd-DTPA in the detection of infarcted areas, the 
use of late echo reduces the signal-to-noise ratio, leading to 
image degradation. 

In summary, gated MR imaging with Gd-DTPA couid im- 
prove identification of recent myocardial infarcts. Uptake of 
Gd-DTPA in acutely infarcted myocardium may be a positive 
marker; however, there seems to be no significant enhance- 
ment in chronic myocardial infarction. 
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Cine MR Imaging in Mitral 
Regurgitation: Comparison with Color 
Doppler Flow Imaging 





Cine MR imaging is a new technique that combines short repetition times, limited flip 
angles, gradient-refocused echoes, and cardiac gating. This procedure was performed 
in 20 patients in whom mitral regurgitation was shown on left ventriculography, and the 
results were compared with those of color Doppler flow mapping. In all cases, mitral 
regurgitation on cine MR imaging was depicted as an area of decreased signal intensity 
within the left atrium. The extent and severity of the regurgitant jet as seen by the two 
techniques were classified visually as 4+ (severe), 3+ (moderate), 2+ (miid), and 1+ 
(minimal). The results of the two methods were the same in 14 (70%) of the 20 patients. 
In five patients the results differed by one grade and in one patient by two grades. In 
addition, the maximal intrusion distance and area of the regurgitant jet divided by the 
area of the left atrium as determined by the two methods were compared. The correlation 
coefficients between the two methods in regard to the length and area of mitral 
regurgitation were .74 and .71, respectively. 

These data suggest that the accuracy of cine MR imaging in assessing the severity 
of mitral regurgitation is comparable to that of color Doppler flow imaging. 
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MR imaging clearly depicts cardiac anatomy in congenital and acquired heart 
diseases [1-3]. The technique is limited by a long imaging time and low temporal 
resolution. Recently, cine MR imaging techniques that use a low flip angle and 
gradient-refocused echoes have been developed [4-7]. They provide a series of 
images of the heart and great vessels at different phases of the cardiac cycles in 
which the velocity of flowing blood affects signal intensity. Rapid review of these 
images, compiled in an endless loop, results in a movie of intracardiac anatomy 
and flow. Thus, cine MR imaging is useful in evaluating cardiovascular function [6, 
7]. A regurgitant jet is identified as a discrete area of low signal intensity extending 
from the incompetent valve into the respective cardiac chamber [8, 9]. 

In this study, we compared the extent and severity of mitral regurgitation as 
determined by cine MR imaging with the results obtained by real-time, two- 
dimensional color Doppler flow imaging. 


Materials and Methods 


Cine MR imaging was performed in 34 patients with mitral regurgitation who were 
hospitalized in the National Cardiovascular Center (Osaka, Japan) between October 1987 
and March 1988. Color Doppler flow imaging and left ventriculography were performed within 
2 weeks of cine MR imaging in 20 of these patients. There were 12 men and eight women 
37-69 years old (mean + SD, 54 + 12 years). Nine patients had combined valvular heart 
disease, seven had dilated cardiomyopathy, two had myocardial infarction, and two had 
hypertensive heart disease. The severity of mitral regurgitation was confirmed by left ventric- 
ulography. According to the classification of Sellers et al. [10], seven patients had grade |, 
six had grade il, three had grade Ill, and four had grade IV regurgitation. 
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MR imaging was performed by using a commercially available 1.5- 
T superconductive magnet (Magnetom H15, Siemens). Images were 
obtained by means of the FLASH (fast low-angle shot) technique, 
which uses the low flip angle of 30° and gradient-refocused echoes 
with an echo time of 16 msec. The repetition time was 30-40 msec. 
The data acquisition was keyed to the heart rate, with advancement 
of the phase-encoding gradient with the heartbeat. The acquisition 
matrix was 128 x 256 interpolated to 256 x 256 for display. The 
entire heart of each patient was imaged at a 10-mm interval by using 
one averaging time on the transaxial plane. All images were recon- 
structed at 21 frames for a cardiac cycle and displayed in a dynamic 
fashion (Fig. 1). Eleven frames from a 21-image/cardiac cycle se- 
quence at the level of left atrium were assembled into a composite 
image. Mitral regurgitation on cine MR imaging was defined as an 
area of decreased signal intensity within the left atrium that originated 
at the valve plane and coincided with ventricular systole. The total 
acquisition time was approximately 45 min. 

The equipment used included a real-time two-dimensional Doppler 
flow imaging system (Aloka XA-54 prototype with a 2.5-MHz trans- 
ducer, Tokyo, Japan) and a commercially available real-time two- 
dimensional echocardiographic unit (Toshiba SSH-40A, 2.5 MHz 
transducer, Tokyo, Japan) [11, 12]. The former system allowed 
visualization of the topography of the intracardiac flow. The flow 
image was superimposed on the two-dimensional echocardiogram, 
which was displayed on the same screen. The latter system was 
used for evaluation of the morphology and dynamic features of the 
heart. Whether the regurgitant jet was toward the anterior or posterior 
atrial wall was determined in the long-axis view of the left side of the 
heart. The total acquisition time was approximately 30 min. 

A diagram of the mitral regurgitation as depicted by cine MR 
imaging and color Doppler flow imaging is shown in Figure 2. The 
extent and severity of the regurgitant jet were classified on the basis 
of size as determined by visual inspection. Each technique was 
scored as 4+ (severe), 3+ (moderate), 2+ (mild), or +1 (minimal). The 
grading of cine MR imaging and color Doppler flow imaging was done 
independently by two observers without the knowledge of the other's 
finding. The maximal intrusion distance of the regurgitant jet signal 
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from the mitral orifice into the left atrial cavity was used to determine 
the severity of mitral regurgitation by both techniques. In addition, 
the maximal area of regurgitant jet divided by the area of the left 
atrium was also used to determine the severity of mitral regurgitation. 


Results 


In all cases, mitral regurgitation on cine MR imaging was 
depicted as an area of decreased signal intensity within the 
left atrium, and the extent of regurgitant jet was compatible 
with that seen on color Doppler flow imaging (Figs. 3 and 4). 

The severities of mitral regurgitation as determined quali- 
tatively by cine MR imaging and color Doppler flow imaging 
were compared (Fig. 5). The results of the two methods were 
the same in 14 patients (70%) and differed by one grade in 
five and by two grades in one. The results of cine MR and 
color Doppler flow imaging were correlated with that of left 
ventriculography. 

The maximal intrusion distance and area of the regurgitant 
jet signal from the mitral orifice into the left atrial cavity were 
determined by cine MR imaging and color Doppler flow im- 
aging. The interobserver variabilities in cine MR imaging and 
color Doppler flow imaging were 0.96 and 0.94 in regard to 
the length and area of mitral regurgitation in 10 selected 
patients. The correlation coefficient between the length of the 
mitral jet measured by cine MR imaging and that determined 
by color Doppler flow imaging was .74 (Fig. 6). The lengths 
(mean + SD) of the mitral jet on cine MR imaging in patients 
with grades |, Il, Ill, and IV regurgitation determined by left 
ventriculography were 2.3 + 0.5 cm, 5.0 + 0.4 cm, 6.1 + 1.9 
cm, and 8.3 + 1.6 cm, respectively. Those on color Doppler 
flow imaging were 1.5 + 0.8 cm, 4.5 + 1.0 cm, 5.7 + 0.8 cm, 
and 8.2 + 2.2 cm, respectively. In addition, the correlation 
coefficient between the areas of mitral jet as determined by 
cine MR imaging and by color Doppler flow imaging was .71 


Fig. 1.—-Cine MR images of mitral 
regurgitation at level of left atrium. A 
composite of 11 frames from 21-image/ 
cardiac cycle sequence is shown. Val- 
vular regurgitation is seen as area of 
decreased signal intensity within left 
atrium that appears to originate at vaive 
plane and coincide with ventricular sys- 
tole (arrows). 


(Fig. 7}. Tke areas (mean + SD) of mitral jets calculated from 
cine MR imaging were 8.8 + 2.0%, 15.9 + 6.1%, 32.8 + 
21.9%, arg 44.2 + 5.9% in patients with grades |, II, IH, and 
iV regurgifation as determined by left ventriculography. Those 
by color Doppler flow mapping were 9.6 + 5.2%, 19.0 + 
9.8%, 31.6 + 8.7%, and 39.7 + 2.8%, respectively. 


Discussioa 


Mitral regurgitation is a common clinical problem in patients 
with combmed valvular disease, ischemic heart disease, and 
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Fig. 2.--Diagram shows mitral regurgitation as detected by cine MR and 
color Doppler flow imaging. Maximal length and area of regurgitation jet 
were assessed quantitatively. LV = left ventricle; LA = left atrium; RV = 
right ventricle;,Ac = aorta. 


Fig. 3.-~48 year-old woman with 
combined vaivalar heart disease. 

A and B, Cone MR image (A) and 
Doppler flow image (B) show that mitral 
regurgitant jet <purts from central area 
of mitral valve nto left atrial cavity (ar- 
rows). Both imaging procedures show 
similar extent-and severity of mitral jet, 
which was cormirmed as grade fi (I-IV 
scale) on left ventsiculography. 


Fig. 4.—-57-year-oid man with mitral 
valve prolapse ef posteromediai scal- 
tops. 

A and &, Cire MR image (A) and 
Doppler flow image (8) show that mitral 
jet spurts from posteromedial area of 
vaive and towar anterior wall of left 
atrium (arrows). =xtent and severity of 
mitral jet are similar, which was con- 
firmed as grade iV 41-IV scale) on left 
ventriculography 


cardiomyopathy. Left ventriculography has been considered 
to be the most accurate means for evaluation of mitral regur- 
gitation [10]. This technique, however, requires catheteriza- 
tion and the use of contrast media. Color Doppler flow imaging 
is now widely used because it is noninvasive and is accurate 
for the detection of valvular regurgitation [11, 12]. However, 
this technique is operator dependent and occasionally limited 
by body habitus. Cine MR imaging has the advantage that 
the regurgitant jet is visible as a discrete area of low signal 
intensity and the procedure is not operator dependent [9, 
10]. Our studies also show that in all patients the sites and 
severities of regurgitant jet were similar on cine MR and color 
Doppler flow imaging. Although our study shows that the low 
signal intensity caused by the regurgitant jet during systole is 
specific for mitral regurgitation, normal systolic outflow from 
the left ventricle into the aorta also tends to have an apparent 
jet of decreased signal [8]. In addition, flow rates beyond a 
certain threshold velocity may not be distinguished with cine 
MR imaging [8]. 

In our study, the extent and severity of mitral regurgitation 
determined by cine MR imaging correlated with those mea- 
sured by color Doppler flow imaging. Therefore, cine MR 
imaging can be expected to be as accurate as color Doppler 
flow imaging. Furthermore, cine MR imaging may have poten- 
tial in the evaluation of the site and severity of mitral regurgi- 
tation in any direction, especially in mitral valve prolapse, 
compared with color Doppler flow imaging. However, the 
precise anatomic conditions of mitral valve prolapse could not 
be defined by cine MR imaging, not because of real-time but 
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as determined by cine MR (x) and color Doppler flow imaging (y). r = 
correlation coefficient; n = number of cases. 
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Fig. 7.—Graph shows relationship of maximal area of regurgitant jet as 
determined by cine MR (x) and color Doppler flow imaging {y}. LA = left 
atrium; r = correlation coefficient; n = number of cases. 
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Fig. 5.—Severity of mitral regurgi- 
tation determined by cine MR imaging 
compared with that determined by left 
ventriculography (LVG) and color Dop- 
pler flow imaging. i-IV = degree of mi- 
tral regurgitation. 


because of ECG-gated cardiac imaging. Our cine MR images 
were obtained in the transaxial plane, whereas color Doppier 
flow images were obtained in the long-axis plane. The as- 
sessment of the integrity and morphology of the vaive leaflets 
is more difficult in transverse section. Although the correlation 
coefficients of length and area of mitral jet by these two 
methods were .74 and .71, mitral regurgitation may be as- 
sessed more accurately by oblique cine MR imaging [13]. At 
present, positioning of the patient within the magnet bore is 
limited, and oblique cine MR imaging is not routinely available 
with our machine. Oblique cine MR imaging, however, should 
be investigated further. 

In conclusion, cine MR imaging is a promising tool for the 
noninvasive analysis of mitral regurgitation. The areas of low 
signal intensity on cine MR imaging were closely correlated 
with those regions mapped by color Doppler imaging. 


REFERENCES 


1. Herfkens RJ, Higgins CB, Hricak H, et al. Nuclear magnetic resonance 
imaging of the cardiovascular system: normal and pathologic findings. 
Radiology 1983;147:749-759 

2. Higgins CB, Byrd BF, McNamara MR, et al. Magnetic resonance imaging 
of the heart: a review of the experience in 172 subjects. Radiology 
1985;155:671-679 

3. Higgins CB. Overview of MR of the heart—-1986. AJR 1986;146:907~918 

4. Haase A, Frahm J, Matthaei D, Haenicle W, Merboidt KD. Rapid NMR 
imaging using iow flip-angle pulses. J Magn Reson 1986;67: 258-266 

5. Mills TC, Ortendah! DA, Hylton NM, Crooks LE, Carlson JW, Kaufman L. 
Partial flip angle MR imaging. Radiology 1987;162:531-539 

6. Sechtem U, Pflugfelder PW, White RD, et al. Cine MR imaging: potential 
for the evaluation of cardiovascular function. AJR 1987;148: 239-246 

7. Sechtem U, Pflugfeider PW, Gould RG, Cassidy MM, Higgins CB. Mea- 
surement of right and left ventricular volume in healthy individuals with 
cine MR imaging. Radiology 1987;163:697-702 

8. Schiebler M, Axel L, Reichek N, et al. Correlation of cine MR imaging with 
two-dimensional pulsed Doppler echocardiography in valvular insufficiency. 
J Comput Assist Tomogr 1987;11:627-632 

9. Utz JA, Herfkens RJ, Heinsimer JA, Shimakawa A, Glover G, Pelc N. 
Valvular regurgitation: dynamic MR imaging. Radiology 1988;169:91-94 

10. Sellers RO, Levy MJ, Anpiatz K, Lillehei CW. Left retrograde cardioangiog- 
raphy in acquired cardiac disease. Am J Cardiol 1964;14:437-447 

11. Miyatake K, Izumi S, Okamoto M, et al. Semiquantitative grading of severity 
of mitral regurgitation by real-time two-dimensional Doppler flow imaging 
technique. J Am Coll Cardio! 1986;7 :82-88 

12. izumi S, Miyatake K, Beppu S, et al. Mechanism of mitral regurgitation 
in patients with myocardial infarction: a study using real-time two dimen- 
sional Doppier flow imaging and echocardiography. Circulation 1987;76: 
777-785 

13. Askenase A, Chen G, Thompson W, et al. Oblique cine magnetic resonance 
blood flow imaging to assess changes in wall motion (abstr). Circulation 
1987;76[supp! IV]:29 


725 


Case Report 














Diagnosis of a Myocardial Lipoma by Using CT 


Dewey J. Conces, Jr.,’ Vernon A. Vix, and Robert D. Tarver 


Cardiac lipomas are rare benign primary tumors of the heart 
[1]. We describe a case in which the preoperative diagnosis 
was made by using CT. 


Case Report 


A 28-year-old man was referred for evaluation of ventricular tachy- 
cardia,which had been diagnosed after an episode of syncope. When 
the patient was 10 years old, he was told he had an enlarged heart, 
and he underwent a cardiac catheterization at that time, details of 
which are not available. 

Physical examination was normal. A chest radiograph showed an 
enlarged heart (Fig. 1A). An initial two-dimensional echocardiogram 
showee normal ventricular size and function. The distal aspect of the 
ventricular septum had abnormal motion. Cardiac catheterization 
showed normal right and left ventricular function. The left anterior 
descending coronary artery was displaced anteriorly by an epicardial 
mass, which also stretched the septal perforators. A second echo- 
cardiogram showed an echogenic mass external to the heart that 
extended from the anterior intraventricular groove circumferentially 
to the irferior posterior wall. 

To evaluate the mass further, both noncontrast CT and dynamic 
CT during a 100-mi bolus injection of 61% iopamido! were performed. 
Scans showed a large, low-density mass located along the left side 
of the beart, beginning at the anterior intraventricular groove and 
extending posteriorly to the left atrium. The mass covered the entire 
anterior wall and most of the lateral wall of the left ventricle. The 
density of the mass was —107 H. No contrast enhancement of the 
mass was seen. The left anterior descending coronary artery and 
smaller »ranch vessels were displaced away from the ventricular wall 
by the mass (Figs. 1B and 1C). 

At susgery, a large sessile fatty tumor was found arising from the 


left ventricle. The mass elevated the coronary arteries from the 
ventricle. Because the vessels would have had to be sacrificed, the 
mass could not be resected. A biopsy was performec, and an 
automatic cardioverter defibrillator was implanted. Histologic exami- 
nation of the biopsy specimen showed it to be a visceral epicardial 
lipoma. 


Discussion 


Myocardial lipomas are rare tumors, making up approxi- 
mately 10% of primary tumors of the heart. They are com- 
posec of localized collections of fat surrounded by a capsule. 
Fifty percent arise subendocardially; the rest are divided 
between myocardial and epicardial origins. Most patients who 
have these tumors are asymptomatic. The diagnosis is made 
at autopsy, or the tumor is detected incidentally on a chest 
radiograph. The presence and the type of symptoms depends 
on the size and the location of the tumor [1]. Endocardial 
lipomas may obstruct the cardiac valves. Large epicardial 
lipomas may interfere with ventricular function, with resulting 
dyspnea and fatigue [2-5]. Myocardial lipomas located near 
the conduction system may produce conduction defects and 
arrhythmias [6]. In our case, a conduction delay and ventric- 
ular arrhythmias were produced either by mass effect or by 
infiltration of the left ventricular wall by the lipoma. 

On chest radiographs, cardiac lipomas typically cause en- 
largement of the cardiac silhouette and may charge the 
cardiac contour [2-6]. in our case, the cardiac silhouette was 
enlarged, but nothing suggested the presence of a mass. 
Echocardiography may show an echogenic mass, as was 
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seen in our case [5, 6]. It is important to perform coronary 
arteriography to assess the relationship of the mass to the 
coronary arteries. This information is needed to determine the 
feasibility of surgical resection. Moulton et al. [5] reported a 
case in which the left coronary artery was elevated from the 
left ventricle. At surgery, the tumor was found to arise from 
a stalk that displaced the left coronary artery. The tumor was 
removed except for that part of the stalk that affected the left 
coronary artery. In our case, coronary arteriography indicated 
much more extensive involvement, with elevation of the entire 
left anterior descending artery and stretching of the septal 
perforators. 

CT is ideally suited for use in the diagnosis of myocardial 
lipomas, especially those arising from the epicardium [6, 7]. 
The fatty composition of the tumor is readily identified by use 
of CT. The use of contrast material will increase the density 
differences between the tumor and the myocardium, cardiac 
chambers, and coronary arteries. In our case, the size of the 
tumor could be measured, and its relationship to the ventric- 
ular and atrial walls was shown clearly. An important aspect 
of this case was the clear depiction by CT of the elevation of 
the coronary arteries away from the ventricular wall by the 
mass. This extensive elevation of the arteries suggested that 
it would not be feasible to resect the mass. This was con- 
firmed at surgery; the mass was sessile and covered by the 
coronary arteries supplying the left ventricle. If the lipoma had 
arisen from a stalk and not displaced the coronary arteries, 
its appearance would have been similar to a pericardial lipoma 
[8]. The absence of coronary artery displacement also would 
suggest that the lesion might be resectable. 
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Fig. 1.—Myocardial lipoma in a 28-year-old man. 
A, Posteroanterior chest radiograph shows an enlarged cardiac silhouette 


with no suspicion of a cardiac tumer. 


8, CT scan through level of proximal left anterior descending artery shows 


elevation of artery (arrow) by a large fat-density mass. 


C, CT scan at a lower level shows displacement of smaller coronary arteries 


(arrows) by lipoma. 


A = aorta, L = left atrium, P = pulmonary artery /outfiow tract. 





In our case, CT had advantages over echocardiography 
and arteriography. The tumor was not detected on the initial 
echocardiogram. The tumor was identified on the second 
echocardiogram, but coronary artery involvement was not 
seen. Arteriography showed the mass and its displacement 
of the coronary arteries, but did not provide information about 
the nature of the mass. CT, however, clearly depicted the 
extent of the mass, its fatty composition, and the involvement 
of the coronary arteries. 

MR imaging also may be of use in diagnosing these tumors 
because of the high signal intensity of fat as compared with 
myocardium, MR imaging was not done in this case because 
of the severity of the patient's ventricular arrhythmia. 
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Chronic Eosinophilic Pneumonia: 
CT Findings in Six Cases 





We reviewed the chest radiographs and CT scans in six patients with proved chronic 
eosinophilic pneumonia. in all patients, the chest radiographs showed patchy air-space 
consolidation, and in five of six cases, the consolidation was most marked in the middle 
and upper lung zones. In only one patient was the classic pattern of air-space consoli- 
dation that is confined to the outer third of the lungs readily apparent. In three patients, 
the consolidation appeared to be diffuse, although a slight peripheral predominance 
was present. In two patients, a peripheral predominance was difficult to appreciate, 
even in retrospect. The CT scans in all cases showed peripheral air-space consolidation. 
In addition, mediastinal adenopathy was identified on CT scans in three cases. This has 
not been described before in association with chronic eosinophilic pneumonia. A follow- 
up CT scan in one patient showed resolution of the adenopathy and marked improvement 
in the peripheral air-space disease within 2 weeks. 

We conclude that patients with chronic eosinophilic pneumonia show predominantly 
peripheral air-space consolidation on CT scans, even when this distribution is not readily 
apparent on the radiograph. CT may be helpful in the diagnosis when the clinical findings 
are suggestive, but the radiographic pattern is nonspecific. 
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Chronic eosinophilic pneumonia is an idiopathic condition characterized by 
chronic infiltration of the lung with eosinophils. It is usually associated with an 
increased number of eosinophils in the circulating blood. In 50% of cases, the chest 
radiograph shows nonsegmental air-space consolidation confined to the outer third 
of the lung, the “photographic negative of pulmonary edema” [1, 2]. This pattern, 
when associated with blood eosinophilia, is characteristic enough to allow a 
confident diagnosis. In the remaining cases, the radiographic findings are nonspe- 
cific and further investigation is required. This often includes open-lung biopsy. 

We report six patients with chronic eosinophilic pneumonia in whom chest 
radiographs and CT scans were obtained for evaluation of lung infiltrates and 
assess the potential use of CT in diagnosing this condition. 


Subjects and Methods 


Six patients with abnormal chest radiographs had chest CT scans made for further 
evaluation of lung infiltrates. Scans were obtained with either Siemens DR2, GE 8800, or GE 
9800 scanners. In two of six patients, IV contrast material was used. Contiguous 8- or 10- 
mm collimation scans were made through the chest. Mediastinal and lung windows were 
available at all levels. Additional thin-section collimation scans (1.0 or 1.5 mm) were obtained 
in two patients at selected levels. All images were obtained within 1 week of diagnosis and 
before institution of steroid therapy. One patient had a follow-up examination with identical 
scanning parameters after 2 weeks of therapy. 

The patients ranged from 35 to 74 years old (mean, 54 years) and included four men and 
two women. All complained of a nonspecific prodromal illness consisting of fever, nalaise, 
coughing, or shortness of breath for 2-8 weeks. None of the patients had marked respiratory 
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compromise. A history of asthma for up to 10 years was noted in 
four cases, with allergic rhinitis in a fifth case. One patient was 
undergoing treatment with hemodialysis for diabetic chronic renal 
failure. In none of the patients was any infectious disease identified, 
and none of the infiltrates had responded to antibiotic therapy. No 
patient was taking any medication associated with eosinophilic infil- 
tration of the lungs. All had a mild to moderate elevation in WBC 
count (9.8-16.4 x 10°/I) and mild to severe eosinophilia (6-38%). 
Laboratory values were obtained within 7 days of diagnosis and 
before steroid therapy began. 

Biopsy was performed in four cases (two open lung, one trans- 
bronchial, one bronchoscopy with brushings). In two cases, the 
diagnosis was made on the basis of the clinical findings and the 
prompt resolution of infiltrates after steroid therapy. Six month follow- 
up was available in all cases. 

Lung infiltrates were classified as peripheral on the chest radio- 
graphs and CT scans when the predominant involvement clearly 
abutted either the lung margins or the major fissures. In only two 
patients was the peripheral distribution of the infiltrates noticed on 
the radiograph before the CT scan. The distribution of opacities was 
classified as upper, mid, or lower lung zones and as predominantly 
unilateral or bilateral. Mediastinal nodes larger than 1.6 cm were 
considered enlarged. 


r 
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Fig. 1.—A, Chest radiograph shows patchy bilat- 
eral air-space consolidation without a definitive pe- 
ripheral predominance. 

B, CT scan at level of right upper lobe bronchus 
clearly shows peripheral distribution. 





B 


Results 


The chest radiographs in all patients showed patchy non- 
segmental areas of consolidation. In five out of six patients, 
the consolidation was most marked in the mid and upper lung 
zones, and in one patient it involved mainiy the mid and lower 
lung zones. One case showed a classic peripheral pattern, 
however the diagnosis of chronic eosinophilic pneumonia was 
not initially entertained because of concern for an infectious 
cause. In three cases, patchy air-space consolidation was 
present with a slight peripheral predominance. In only one of 
these three patients was the peripheral predominance noticed 
before the CT scan. However, this was not sufficiently classic 
to allow a confident plain film diagnosis. Two cases did not 
show a recognizable peripheral pattern (Fig. 1A). Five radio- 
graphs outlined bilateral involvement, and one showed unilat- 
eral air-space consolidation. Open-lung biopsy in this case 
revealed coexistent chronic eosinophilic pneumonia and bron- 
chiolitis obliterans organizing pneumonia. 

CT scans unequivocally indicated the peripheral location of 
infiltrates in all six cases (Figs. 1 and 2). Although all patients 





Fig. 2.—A, CT scan at level of tracheal carina 
shows bilateral air-space consolidation with a 
peripheral predominance. 

B, High-resolution CT scan at same level bet- 
ter delineates normal from abnormal paren- 
chyma. Two foci of consolidation are subseg- 
mental, and one is 1.5-cm nodular density. 
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had areas of nonsegmental consolidation, three had additional 
areas of segmental or subsegmental consolidation and two 
had nodular areas of consolidation measuring 1-2.5 cm in 
diameter (Fig. 2). These were better delineated on CT scans 
thar on radiographs. Thin-section scans obtained in two 
patients showed hazy peripheral densities, which were con- 
sistent with peripheral air-space disease (Fig. 2). Although 
thin-section CT allowed better delineation of normal from 
abnermal parenchyma it did not provide any additional infor- 
mation. In the patient with additional findings of bronchiolitis 
obliterans organizing pneumonia, the infiltrates appeared 
identical bat were unilateral in distribution (Fig. 3). Mediastinal 
adenopathy was seen in three cases. A follow-up scan in one 
case with identical collimation showed dramatic improvement 
of the infiltrates and resolution of the mediastinal adenopathy 
within 2 weeks (Fig. 4). 


Discussioa 


Chronic eosinophilic pneumonia was first described in 1969 
[3]. Clinicaily, the patients present with coughing, weight loss, 
malaise, or shortness of breath. Life-threatening respiratory 
compromise may occur [4]. Radiologically, chronic eosino- 
philic pneumonia is characterized by the presence of homo- 
geneous peripheral air-space consolidation. The pattern re- 
mairs unchanged for days or weeks unless steroid therapy 





Fig. 3.—CT scan shows unilateral peripheral air-space consolidation. 
Patiest ‘had chrenic eosinophilic pneumonia and coexistent bronchiolitis 
obliterans organizing pneumonia. 


Fig: 4.—A CT scan at level of bron- 
chus intermedius shows peripheral air- 
spaceconsolidation. 

B, Follow-up CT scan after 2 weeks 
of steroid therapy shows marked im- 
provement. 
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is given. Eosinophilic pneumonia is exquisitely sensitive to 
steroids; lung infiltrates clear within days or weeks of institu- 
tion of therapy. The combination of blood eosinophilia, periph- 
eral infiltrates on the radiograph, and rapid response to steroid 
therapy is often sufficiently characteristic to obviate lung 
biopsy [5, 6]. 

The diagnosis is sometimes difficult because some patients 
have minimal blood eosinophilia and the peripheral distribution 
of infiltrates is not apparent on the plain film. A recent study 
indicates that the classic radiologic picture is seen in fewer 
than 50% of cases [1]. The nonperipheral distribution of 
infiltrates on the chest radiograph could be due to either true 
variation in the location of the infiltrates or could be a conse- 
quence of two-dimensional imaging of a three-dimensional 
organ. CT scans in our six cases clearly showed that the 
infiltrates were always peripheral and the failure to perceive 
this on the radiograph was due to limitations of the technique. 
The lack of superimposition of shadows on CT scans allows 
a better assessment of the distribution of infiltrates and 
determination of their preponderantly peripheral location. The 
peripheral consolidation on CT scans was illustrated previ- 
ously in a single case report by Onitsuka et al. [7] and in the 
textbook by Fraser et al. [8]. The pattern of consolidation on 
the chest radiograph has been described classically as non- 
segmental [8]. However, on CT scans, subsegmental and 
segmental areas of consolidation were present in three out of 
six cases and nodular areas of consolidation were present in 
two cases. 

Open-lung biopsy in one patient showed chronic eosino- 
philic pneumonia in association with bronchiolitis obliterans 
organizing pneumonia [9]. The CT findings in this case differed 
only in the unilateral distribution of peripheral infiltrates. How- 
ever, reports of bronchiolitis obliterans organizing pneumonia 
have commented on both unilateral and bilateral involvement 
{10}. 

The presence of peripheral air-space consolidation can only 
be considered suggestive of chronic eosinophilic pneumonia 
in the appropriate clinical setting, in a patient with eosinophilia. 
The radiologic appearance may be mimicked by a number of 
other conditions, including bronchiolitis obliterans organizing 
pneumonia and sarcoidosis [11]. The distribution of infiltrates 
is identical to that of Loeffler syndrome. In Loeffler syndrome, 
however, the pulmonary infiltrates are transient and shift in 
nature over days, whereas chronic eosinophilic pneumonia 
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has a more protracted course, remaining unchanged over 
weeks or months. Indeed, in one of our patients the symptoms 
were of only 2 weeks duration, which would be compatible 
with Loeffler syndrome. As pointed out by Fraser et al. [8], 
some overlap occurs between the various eosinophilic lung 
diseases, and the differential diagnosis of Loeffler syndrome 
from chronic eosinophilic pneumonia is not critical because 
both respond readily to corticosteroid therapy. 

The high prevalence of patients with atypical radiographic 
patterns in our series is probably due to patient selection. 
Patients with blood eosinophilia and air-space consolidation 
confined to the outer third of the lungs will most likely be 
diagnosed as having eosinophilic lung disease and treated 
without any further investigations. These patients are unlikely 
to undergo CT of the chest. 

We conclude that CT is useful in the evaluation of sus- 
pected chronic eosinophilic pneumonia when the chest radio- 
graph fails to show clearly the characteristic peripheral air- 
space consolidation. 
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Gastric Fluid Detected by 
Sonography in Fasting Patients: 
Relation to Duodenal Ulcer Disease and 


Gastric-Outlet Obstruction 





We correlated the amount of gastric fluid identified by sonography in 143 fasting 
patients with the presence of duodenal ulcer disease and gastric-outlet obstruction as 
seen on barium studies. Unselected consecutive patients who were referred for a barium 
study of the upper gastrointestinal tract were included in a double-blinded prospective 
study. Sonograms were obtained in the right lateral decubitus position to allow gastric 
fluid to accumulate in the antrum, where it was quantified by measuring the meximal 
cross-sectional area of antral fluid in square centimeters. Sonograms revealed no fluid 
or a small amount (<5 cm’) in 87 (61%) of the patients and a large amount of fluid (25 
cm’) in 56 patients (39%). Barium examinations showed a duodenal ulcer in 26 (46%) 
of the 56 patients with sonographic evidence of a large amount of gastric fluid compared 
with 10 patients (11%) in the group with little or no fluid on sonography (p = .004). 
Sonographic evidence of a large amount of fluid was found in all five patients who had 
gastric-outlet obstruction on barium examination (p = .02). 

The detection of a large amount of fiuid in the stomach on sonography appears to be 
a feature of duodenal ulcer disease and gastric-outlet obstruction. 
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An excess of gastric fluid in the stomach of fasting patients is suggestive either 
of gastric hypersecretion, a finding that accompanies duodenal ulcer, or of a 
gastric-outlet obstruction [1-4]. We used sonography to measure the amount of 
gastric fluid in a semiquantitative manner to determine if the technique could be 
used to identify patients with duodenal ulcer or gastric retention. Sonograms were 
obtained in 143 patients, and the results were correlated with the findings on 
barium examinations performed on these patients. 


Subjects and Methods 


One hundred fifty-five consecutive patients who were referred for barium studies of the 
upper gastrointestinal tract were included in the study. There were 82 men and 73 women, 
aged 15-86 years (mean age, 53 years). Informed consent was obtained in each case. 

After an overnight fast, a sonogram of the abdomen was obtained by a radiologist who 
had no knowledge of the patient’s clinical status. Scans were obtained with a Sonolayer 
SSA-100A (Toshiba Medical Systems Europe, Delft, the Netherlands) with a 3.5-MHz convex 
array probe. Patients were examined in the right lateral decubitus position with the head of 
the table slightly raised. In this position, gastric fluid accumulates in the antrum and gas 
moves to the fundus (Figs. 1A and 1B). 

Adequate sonographic visualization of the antrum was possible in all but five patients. One 
was morbidly obese, two had large amounts of air in the upper abdomen, and two patients 
had undergone a partial distal gastrectomy. Seven other patients had to be excluded from 
the study, because they had been eating or drinking before the examination (chewing gum 
included, because it stimulates saliva production). 

in order to quantify the amount of fluid in the stomach, the maximal cross-sectional area 
of the antral fluid, assessed in a transverse plane, was measured in square centimeters. The 
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measurements were obtained electronically on the sonography unit 
after tracing around the fluid collection manually with the cursor. 

Patients were assigned to one of four categories, depending on 
the area of antral fluid: 0, <5, 5-10, and 210 cm’. Patients in the 
first two categories (<5 cm*) were regarded as having a small amount 
of gastric fluid, and patients in the last two categories (25 cm*) were 
regarded as having a large amount of gastric fluid. An antral fluid 
area of 5 cm? was chosen prospectively as a breakpoint. because 
during the sonographic examination this subjectively seemed to be a 
breakpoint between small and large collections of gastric fluid. No 
attempt was made to discover the breakpoint that produced the best 
statistical results. 

A standard biphasic examination of the stomach and duodenum 
with glucagon was performed within 1 hr by another radiologist, who 
was unaware of the sonographic findings [5-7]. 

The results of the two procedures were analyzed. Patients with 
large amounts of gastric fluid were compared with patients with small 
amounts for presence of duodenal ulcer and gastric-outlet obstruc- 
tion. In both cases, the 2 x 2 tables were analyzed with the chi- 
square test. 


Results 


The sonographic examinations in 55 (38%) of the 143 
patients showed no detectable fluid in the stomach. Thirty- 
two patients (22%) had a gastric fluid collection of which the 
cross-sectional area on the transverse sonogram measured 
less than 5 cm’. In 24 patients (17%), the fluid area measured 
5-10 cm’, and in 32 patients (22%), it measured more than 
10 cm’. 

The distribution of the duodenal ulcers among the patients 
with different amounts of fluid in the stomach is shown in 
Figure 2, in which the patients with gastric-outlet obstruction 
also are included. The frequency of duodenal ulcer in patients 
who had large amounts of gastric fluid (antral fluid area =5 
cm’) differed significantly from the frequency of duodenal 
ulcer in patients who had small amounts of gastric fluid (antral 
fluid area <5 cm?) (p = .001). 

The biphasic contrast examination detected seven gastric 
ulcers and four gastric carcinomas (biopsy proved). Most of 
these patients had no gastric fluid, but in four cases there 
was a complicating gastric-outlet obstruction. Those four 
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Fig. 1.—Sonograms show gastric fluid in fast- 
ing patient. 

A, Transverse sonogram of supine patient 
shows gastric walis in apposition. No fluid can 
be seen in stomach. 

B, Transverse sonogram of same patient in 
right lateral decubitus position shows fluid in 
gastric antrum. 


C] obstruction 


Percentage (%) 





0 <5 5-10 >10 
Amount of gastric fluid (enf) 


Fig. 2.—Prevalence of duodenal ulcer and gastric outlet obstruction in 
relation to amount of gastric fluid measured as antral fluid area. 


patients all had a large amount of gastric fluid. The obstruction 
was found to be caused by a pyloric ulcer with stenosis in 
two cases and by an antral carcinoma with stricture in the 
other two cases. In the total study group, one other patient 
had an obstruction. The obstruction was located in the hori- 
zontal part of the duodenum and was caused by hematoma 
formation around an aortic prosthesis. This patient also had 
a large amount of fluid in the stomach. 

In the total study group, 56 patients had a large amount of 
gastric fluid. Twenty-five (45%) of these patients had neither 
a duodenal ulcer nor gastric-outlet obstruction. The barium 
studies in the latter group revealed two gastric ulcers and 
one gastric ulcer scar. 


Discussion 


In the fasting patient, the amount of fluid in the stomach 
depends on gastric secretion, saliva production, pyloric 
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losses, and duodenogastric reflux [1]. A large amount of fluid 
usually indicates gastric hypersecretion or gastric-outlet ob- 
struction [2]. In 1932, Henning and Norjsoth [8] reported that 
the amount of gastric juice aspirated overnight in patients 
with duodenal ulcer disease was greater than that in normal 
subjects. Approximately 30-40% of patients with duodenal 
ulcer disease are true hypersecretors and have acid and 
volume secretion rates above the upper limits of normal, with 
the highest output of basal gastric secretion in the morning 
(5—41 a.m.) [4]. As many patients with a duodenal ulcer have 
a maximal gastric secretion within the normal range, gastric 
secretory tests as a a single examination are of limited value 
in the diagnosis of a duodenal ulcer in the individual patient 
[3]. The purpose of this study was not to investigate whether 
a duodenal ulcer could be diagnosed by sonography, but to 
determine if sonography could be used to select patients with 
a predilection for duodenal ulcer or gastric-outlet obstruction. 

The right lateral decubitus position proved to be superior 
for the detection of gastric fluid. The supine position is not 
useful, because in this position most of the fluid is in the 
gastric fundus, where it is often obscured by overlying gas. 

To estimate the amount of gastric fluid, we measured the 
maximal cross-sectional area of the gastric antrum. This 
method was easy and seemed to be adequate to determine 
whether a small or a large amount of gastric fluid was present. 

The sonographic detection of a large amount of gastric fluid 
in our patients was associated with a significantly higher 
prevalence of duodenal ulcer and gastric-outlet obstruction. 
In the group with the largest amount of gastric fluid (antral 
fluid area >10 cm*), 61% of the patients had either a duodenal 
ulcer or a gastric-outlet obstruction (Fig. 2). 

The practical implications of the results of our study are 
net unequivocal and cannot simply be translated to other 
patients. The patients included were referred because their 
general practitioner or clinician suspected upper gastrointes- 
tinal disease, and the high prevalence of duodenal ulcers in 
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this group of patients has its influence on our results. Thirty- 
six (25%) of 143 patients in the series had duodenal ulcer 
shown on the barium studies. This high rate exceeds the 
number of duodenal ulcers we found recently in another study 
at our institution, but no extra selection criteria have been 
used [5]. The results of our study justify undertaking a sub- 
sequent study of the correlation between large amounts of 
fluid and gastric or duodenal disease in a general sonography 
referral population. The results of that study would indicate 
what a sonographer should recommend when large amounts 
of gastric fluid are detected in a patient from an unselected 
population. 
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Videotape Review 





RSNA Today, Vol. 3, No. 1. Oak Brook, IL: The Radiological Society of North America, 1989. $75; by subscription, 
4 issues annually at $225 for RSNA members and $275 for nonmembers (VHS videotape) 


This videotape consists of four segments: a review of interesting 
technical exhibits at the annual meeting of the Radiological Society 
of North America (RSNA), a review of award-winning scientific ex- 
hibits, a discussion of sonographic aspects of congenital hip dyspla- 
sias, and a discussion of Magnevist and its use in MR imaging. In the 
first part, Joel Gray, chairperson of the committee to evaluate tech- 
nical exhibits, interviews various vendors in an attempt to highlight 
specifically those innovations leading to more efficient and less ex- 
pensive useful new products. Products discussed are a small, self- 
shielded MR imager that fits into a CT room, a multiformat camera 
capable of imaging from three different imagers, and a new CT 
scanner that can fit into 260 sq ft (23.4 m?) and costs no more than 
a radiographic and fluoroscopic room. Stanley Siegelman then inter- 
views Dr. Gray about questions to ask when purchasing a CT 
scanner, such as price, dose, speed, cost, size, and installation time. 
Anthony Proto then reviews the 78 scientific exhibits that received 
awards at the past RSNA, with a closer look at the four magna-cum- 
laude winners. 

Danielle K. P. Boal then reviews sonography of congenital hip 
dysplasia. She discusses etiology, pathophysiology, and treatment 
of this disease along with the advantages (e.g., no radiation, real 
time) and disadvantages of sonographic examination. Techniques of 
examination are dispussed also, with a helpful real-time demonstra- 
tion, and Edward Schwentker makes a few comments on the clinical 
usefulness of sonography. 


The last part of the tape is a discussion of Magnevist (gadolinium- 
DTPA) by Robert Brasch, Gerald Wolf, William Bradley, Jr., and 
Gordon Sze. The group discusses factors concerning the usefulness 
of gadolinium, similarities and differences with iodinated contrast 
material, relaxivity, biodistribution, toxicity, cost, pharmacology, and 
a postrelease survey on side effects. Indications and contraindications 
fcr the use of this drug are discussed also, as are potential areas of 
usefuiness outside the CNS. 

The discussion of the technical exhibits is interesting and inform- 
ative. Of particular note is the fact that equipment is, to some extent, 
becoming less expensive. Some useful hints are put forth if the viewer 
happens to be in the market for new equipment. The review of 
scientific exhibits, although brief, is quite interesting and informative. 
The part on sonography of the dysplastic hip is well done. The real- 
time demonstration of the performance of the procedure and the 
sonographic anatomy is excellent. The discussion on Magnevist is 
quite interesting and answers many questions about the present uses 
and potential future uses of gadolinium. In all, the tape is well done, 
and | recommend it to radiologists, especially those interested in the 
various fields covered under these topics. 
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Positive Predictive Value and 
Posttest Probability of Diagnosis 
of Colonic Polyp on Single- and 
Double-Contrast Barium Enema 





The positive predictive value for a radiographic diagnosis of colonic polyp, the 
prevalence of polypoid disease, and posttest probability relative to patient age were 
studied. The positive predictive value for colonic polyp on single- and double-contrast 
barium enema was determined for 191 polyps found radiographically in 136 patients 
who also underwent colonoscopy for confirmation. Of 72 polyps seen in 54 patients on 
single-contrast examination, 59 were confirmed endoscopically; 110 of 119 polyps seen 
in 82 patients on double-contrast examination were confirmed similarly, giving positive 
predictive values of 82% and 92%, respectively. Positive predictive values per patient, 
disregarding the number of polyps present, were 87% (47/54) and 90% (74/62) for the 
single- and double-contrast examinations, respectively. False-positive errors were due 
to stool, air bubbies, haustration, and misinterpretation of an appendiceal stump. 

By using specificities derived from our prevalence of polypoid disease and previously 
reported sensitivities, we drew posttest probability curves showing that predictive values 
depend both on the chance of disease before the test is done and on the efficacy of the 
test used. 


AJR 153:735-739, October 1989 


Although the sensitivity of the barium enema for polypoid disease has been 
studied extensively, its positive predictive value and posttest probability have 
received less attention. The positive predictive value and posttest probability for a 
radiographic diagnosis of colonic polyp are important clinically because they rep- 
resent the likelihood that a lesion seen by barium enema truly exists. In an earlier 
study, we determined the positive predictive value of a diagnosis of colonic polyp 
on the double-contrast barium enema [1]. However, the positive predictive value 
of the single-contrast barium enema was not investigated, despite the fact that 
about two thirds of barium enemas done in this country are single-contrast 
examinations [2]. Therefore, we evaluated the positive predictive vaues and 
posttest probabilities for single- and double-contrast barium enemas for the diag- 
nosis of colonic polyps. 


Materials and Methods 


The radiographic and endoscopic records for a 4-year period were reviewed. and 136 
consecutive patients who underwent colonoscopy and had one or more colonic polyps 
identified by barium enema were studied. All examinations were done at our institution. The 
single-contrast barium enema was used in 54 patients (28 women, 26 men) with a mean age 
of 68 years, and double-contrast enema was used in 82 patients (28 women; 54 men) with a 
mean age of 59 years. Patients were selected for the single-contrast examination on the 
basis of advanced age, debility, difficulty in retaining a cleansing enema, or a combination of 
these factors [2]. 

Colonic preparation for the barium enema was standardized for all patients and included a 
24-hr liquid diet, oral hydration, 296 mi magnesium citrate, 59 mi castor oil, and a 2000 mi 
tap-water enema cn the morning of the examination. For the single-contrast barium enema, 
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a dilute 18% wt/vol barium suspension (Liquid Sol-o-pake, E-Z Em 
Co., Westbury, NY) was used. Glucagon (0.5 mg IV) was used at the 
discretion of the examining radiologist. An average of four large and 
eight small radiographs was obtained, with all accessible areas of the 
colon compressed on the small films. For the double-contrast enema, 
a high-density 100% wt/vol barium suspension (Liquid Polibar, E-Z 
Em Co.) was used, and each patient received 0.5 mg glucagon IV. 
An average of five large and nine small radiographs was obtained. 

Colonoscopy was done with Olympus instruments (Olympus Corp., 
Lake Success, NY) of various types. After the barium enema, all 
polyps 5 mm or larger were tabulated. Size determination was based 
on direct radiographic measurements. The lesions reported radio- 
graphically were divided into two size categories: 5-10 mm and larger 
than 10 mm. Polyps smaller than 5 mm were excluded from the study 
because we do not routinely report these lesions radiographically, for 
reasons previously stated [3]. 

After review of all the barium enema studies and colonoscopic 
results, the radiographic positive predictive values for individual pol- 
yps and patients were calculated. The probable causes for the false- 
positive errors also were analyzed. Discrepancies between the radio- 
graphic and endoscopic findings were resolved by repeated endos- 
copy, repeated barium enema, or review of the original radiographic 
study [1, 4]. A radiographic false-positive result was scored retro- 
spectively if the suspected lesion was inconsistent on the available 
views of the area or if the finding was obviously feces, a diverticulum, 
an air bubble, or misinterpreted normal anatomy. 

At the same time, we reviewed all of our barium enema reports to 
determine the prevalence of polypoid disease diagnosed on our 
single- and double-contrast examinations. As most of these patients 
did not undergo colonoscopy, the initial prevalence figures were 
refined by determining false-positive and false-negative fractions from 
our positive predictive values per patient and previously reported 
sensitivities [5]. By using these various values, we calculated the 
specificity of our barium enema examinations with the derived formula 
below [6]: 

(P) (S) (PPV — 1) 


SA Make re 
oe PPV (1 — P) 


where s = specificity, P = prevalence, S = sensitivity, and PPV = 
positive predictive value. Posttest probability of polypoid disease of 
the colon when the barium enema yields a positive diagnosis could 
then be determined by using these sensitivities and specificities 
[7-10]. 


Results 


For the single-contrast barium enema, 59 of 72 reported 
lesions were confirmed, giving a positive predictive value of 
82%. For 5- to 10-mm polyps, the positive predictive value 
was 79% (33/42); for polyps greater than 10 mm, it was 87% 
(26/30). For the double-contrast barium enema, 110 of 119 
reported lesions were confirmed, giving a positive predictive 
value of 92%. For 5- to 10-mm polyps, the positive predictive 
value was 94% (84/89); for lesions greater than 10 mm it was 
87% (26/30). Chi-square analysis showed a statistically sig- 
nificant difference (p < .05) in predictive values between the 
barium enemas for 5- to 10-mm polyps. The positive predic- 
tive values per patient, disregarding the number of polyps 
present, were 87% (47/54) and 90% (74/82) for the single- 
and double-contrast examinations, respectively (p > .05). 
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False-positive errors were due to air bubbles, stool, diver- 
ticula, haustration, and misinterpretation of an appendiceal 
stump. Of the 13 false-positive errors on the single-contrast 
examination, six (46%) were due to stool (Fig. 1), five (38%) 
due to air bubbles (Fig. 2), and two (15%) due to misinterpre- 
tation of diverticula and normal anatomy. Of the nine false- 
positive errors made on the double-contrast examination, six 
(67%) were due to stool (Fig. 3), two (22%) resulted from 
confusion of haustral anatomy, and one (11%) was from 
misinterpretation of an appendiceal stump. 

The 22 false-positive errors were distributed widely 
throughout the colon (Fig. 4). For the single-contrast barium 
enema, two (15%) errors were made in the cecum and 
ascending colon; two (15%) in the transverse colon; six (46%) 
in the descending colon/sigmoid junction; and three (23%) in 
the rectosigmoid area. Errors due to stool were scattered 
throughout the colon, whereas those due to air bubbles were 
mainly in the rectosigmoid and descending colon/sigmoid 
area. For the double-contrast enema, three (33%) errors were 
made in the cecum and ascending colon; two (22%) in the 
transverse colon; one (11%) in the descending colon; and 
three (33%) in the rectosigmoid area. Errors due to stool were 
also scattered throughout the colon in the double-contrast 
studies, whereas those for misinterpretation of haustral anat- 
omy were limited to the sigmoid colon. 

The prevalence rates for polypoid disease of the colon in 
our radiographic population were 8.6% (86/997) and 15.0% 
(142/947) for the single- and double-contrast barium enema, 
respectively. By using the patient positive predictive values 
(87% and 90%) and sensitivities per patient of 93% and 95% 
for the single- and double-contrast examinations derived from 
another report [5], we calculated the adjusted prevalence 
rates to be 8.1% (81/997) and 14.3% (135/947). The specific- 
ities calculated from the formula shown earlier are 99% for 
the single-contrast barium enema and 98% for the double- 
contrast examination. 

Posttest probability of polypoid disease of the colon when 
the barium enema yields a positive diagnosis is derived from 
Bayes’s theorem and depends on the chance of disease (i.e., 
pretest probability) before the test is done and on the sensi- 
tivity and specificity of the test used [7-10]. By using simple 
formulas [10] with the sensitivities and specificities derived 
above, one can show the posttest probability of polypoid 
disease after a positive radiographic diagnosis to relate graph- 
ically to its pretest probability, which depends largely on the 
age-related prevalence of colonic polyps (Fig. 5). As the 
prevalence of polypoid disease increases (i.e., as patients 
age), a correct diagnosis of colonic polyp on barium enema is 
more likely. 


Discussion 


In an earlier report on the double-contrast barium enema, 
we had an 87% positive predictive value for the diagnosis of 
colonic polyp [1]. In the present study, the positive predictive 
values for both types of barium enema examination were 
compared, the causes of error analyzed, and posttest prob- 
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Fig. 1.—Radiograph of sigmoid-descending 
colon iunctio: after single-contrast barium 
enema shows a polygonal filling defect (arrow) 
misinterpretedias a polyp. Two smaller spherical 
defectslateraly are air bubbles. 


Fig. 3.—A and 8, Radiograph (A) of mid as- 
cending color after double-contrast enema 
shows small filing defect (arrow) identified as a 
polyp. Another-view (B) of same area (x) was 
normal. 


A 


abilities calcuated. The positive predictive value for colonic 
polyps on the single-contrast examination was 82% com- 
pared with 92% for the double-contrast barium enema. This 
differenee was significant statistically because of the better 
predictive vaite (94% vs 79%) found on the double-contrast 
examination fer 5- to 10-mm polyps. The positive predictive 
values per pa‘ient, however, were not significantly different 
(87% vs:90%) 

Stool was feund to be the most common cause of error, 
accounting for 55% (12/22) of all false-positive diagnoses. 
Surprisingly, the presence of air bubbles was a cause of five 
(38%) ofthe 12 predictive errors made on the single-contrast 
barium enema,but was not a problem on the double-contrast 
examination. Indeed, the overall predictive value for the single- 
contrast study rises to 88% by eliminating errors from air 
bubbles. Few (23%) of the false-positive errors were due to 
diverticula or rrisinterpretation of normal or surgically altered 
anatomy. 
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Fig. 2.—Radiograph of rectosigmoid region after single-contrast examination with patient in supine 
left posterior oblique position (A). A large spherical defect (arrows) was identified as a polyp but was 
not seen in same area (x) on film of prone patient (8). 


The importance of stool as a cause of false-positive errors 
must be emphasized. If thorough colonic cleansing is not 
achieved consistently, the efficacy of any barium enema suf- 
fers. The high specificities of our colonic examinations reflect 
excellent bowe! preparation and also our practice of ignoring 
most filling defects smaller than 5 mm [3]. All patients in this 
study had an identical colon-cleansing regimen, regardless of 
the type of barium enema done. In an earlier study to deter- 
mine the effectiveness of this regimen, a clean colon was 
found in 97% of 500 patients reviewed [11]. Studies in which 
the preparation of the colon does not combine various com- 
ponents of this type of regimen effectively will be more prone 
to radiographic error. 

The distribution of false-positive diagnoses was similar for 
both examinations except that nearly half of the errors made 
on the single-contrast barium enema occurred in the region 
of the descending-sigmoid colon. This area was particularly 
troublesome for misinterpretation of air bubbles as polyps on 
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Fig. 4.—A, Distribution of 13 false- 
positive errors made on single-contrast 
barium enema. 
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the single-contrast examination. With the patient supine, the 
anteroposterior orientation of the sigmoid-descending colon 
junction leads to local entrapment of air that may simulate a 
polyp on the barium-filled colon. Repeated filming with the 
patient prone or erect usually solves this problem. The sig- 
moid colon, with its redundancy, also was an important site 
of radiographic error, as has been well shown [1, 2, 4, 12- 
14]. 

Another explanation for the somewhat poorer predictive 
value of the single-contrast barium enema for smaller colonic 
polyps may be the age and physical condition of the patients 
examined. Single-contrast examinations were done on older 
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Fig. 5.—Relationship of pretest and posttest probability of a positive 
diagnosis of polypoid disease of colon determined by using the true- 
positive rates (TPR) (i.e., sensitivity) and true-negative rates (TNR) (i.e., 
specificity) shown for single-contrast (SCBE) and double-contrast (DCBE) 
barium enemas. Pretest probability is expected prevalence of disease 
before test is done, which mainly depends on age. Patients younger than 
40 years old have less than a 10% chance of polypoid disease before test 
is done, whereas those over 70 years old have a 40% or more prevalence 
before having barium enema. Two top curves (crosshatched together) 
were derived from data shown. Curves A, B, and C represent decreasing 
specificities of .95, .90, and .85, respectively, with sensitivity held constant 
at .95. 


and often more debilitated individuals. In an earlier investiga- 
tion analyzing the sensitivity of the barium enema relative to 
age of the patient, both examinations showed poorer detec- 
tion of colonic polyps smaller than 1 cm in patients 70 years 
old or more [15]. Similarly, in the current investigation, the 
Statistically significant difference in predictive values between 
the single- and double-contrast barium enemas occurred with 
the 5- to 10-mm polyps. Excellent bowel preparation and 
effective positioning and spot-filming with compression are 
more difficult to accomplish consistently in older patients [2, 
11, 15]. 

The results of this study may be better appreciated by 
discussing the posttest probability of polypoid disease of the 
colon when the barium enema yields a positive diagnosis [7- 
10]. Probability analysis is important because predictive val- 
ues for colonic polyps are only approximate estimates of the 
likelihood of disease if the age of the patient and the efficacy 
of the examinations used are not considered [16]. Posttest 
probability depends on the chance of disease before the test 
is done and on the sensitivity and specificity of the test used. 
The prevalence of polypoid disease of the colon determines 
its pretest probability and depends primarily on the age of the 
patient examined. The reported prevalence of colorectal pol- 
yps has ranged from 9.5% to 61%, with a mean of 30% 
[17]. in a composite average of four necropsy reports, the 
prevalence of colonic adenomas was less than 10% in pa- 
tients under 40 years old, but gradually increased to 40% by 
the age of 70 years [18]. In more recent colonoscopic surveys, 
even higher prevalences were found in the elderly [3]. 

By using our sensitivities and specificities for single- and 
double-contrast barium enemas, we found that posttest prob- 
ability of having polypoid disease after a positive diagnosis 
varies with the expected age-dependent prevalence of colonic 
polyps (Fig. 5). The curves show how the chances of having 
polypoid disease of the colon after a positive barium enema 
result increases dramatically for prevalence rates above 10%, 
which occur in patients over 40 years old. For those less than 
40 years old, with a low chance of having colonic polyps, the 
reliability of a positive radiographic diagnosis falls abruptly for 
both barium enema examinations. For those over 40 years 
old, a positive diagnosis of colonic polyp is an excellent 
predictor of the presence of disease. These curves may vary 
dramatically if different sensitivities and specificities are used 
[10]. In particular, lower specificities strongly affect the inter- 
pretation of a positive test and would shift these curves 
downward and to the right (Fig. 5). 
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Book Review 





Antibodies in Radiodiagnosis and Therapy. Edited by Michael R. Zalutsky. Boca Raton, FL: CRC Press, 240 


pp., 1989. $124 


This book, which has several contributing authors, describes the 
development of radiolabeled monoclonal antibodies for use in the 
diagnosis and treatment of cancer. As stated by the editor, the 
purpose of the book is to provide a basic background on various 
aspects of this development. The book is divided into 11 chapters. 
Chapter 1 is an introduction to tumor imaging in nuclear medicine. 
Chapter 2 gives a review of tumor cell biology, with an extensive list 
of references. Chapter 3 discusses the methods of production and 
purification along with some practical considerations of monoclonal 
antibodies for diagnosis and treatment of tumors. 

Radioimmunoscintigraphy is covered in three chapters. Preclinical 
considerations are discussed in chapter 4. They include the impor- 
tance of sensitivity and specificity of the monoclonal antibody, cellular 
location of the antigen, stability of the antigen-antibody complex, and 
kinetics of the monoclonal antibody-antigen interaction. Clinical eval- 
uations are covered in chapters 8 and 9. Chapter 8 emphasizes 
regional deliveries of antibodies, such as those via lymphatics, intra- 
peritoneal or intraarterial infusion, and injection into the CSF. Chapter 
9 addresses clinical trials of IV administration of the radiolabeled 
antibody. 

Chapter 5 reviews the state-of-the-art in radiohalogenated antibod- 
ies and suggests future directions. Chapter 6 discusses the choices 


of radionuclides used in labeling, particularly labeling of antibodies 
with metals by using bifunctional chelates. Physiologic, pharmaco- 
logic, and immunologic aspects of antibody targeting are discussed 
in chapter 7. The last section of this book concentrates on antibody 
radiotherapy; current status is discussed in chapter 10 and future 
prospects in chapter 11. Chapter 10 is understandably short, as 
radiotherapy with antibodies is still in the embryonic stage. 

The material presented in the book is thorough and detailed, and 
it does provide sufficient background on various aspects of the 
development of labeled monoclonal antibodies. The authors have 
done a good job in their evaluation of limitations of currently available 
technologies and approaches, as well as in their suggestions for 
future research. This book will be a valuable reference for those who 
are involved in radioimmunoscintigraphy and a worthy addition to 
nuclear medicine libraries. 
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Primary Malignant Tumors in the 
Small Bowel: A Comparison of the 
Small-Bowel Enema and Conventional 
Follow-through Examination 














Of 71 patients diagnosed with primary mesenteric malignant tumors in the small bowel 
over a 21-year period in a community/teaching hospital, 14 underwent small-bowel 
follow-through, 16 underwent small-bowel enema (enteroclysis), and four patients under- 
went both studies preoperatively. in a retrospective study, the sensitivity of both the 
small-bowel enema and the conventional small-bowel follow-through examination were 
compared on the basis of the original radiologic interpretation. The studies were ordered 
by clinicians in a clinical setting. Results of the small-bowel follow-through were abnor- 
mal in 11 of 18 patients for a sensitivity of 61%, and small-bowel enema showed 
abnormalities in 19 of 20 patients for a sensitivity of 95% (p = .0165). The actual tumor 
was shown in six (33%) of 18 small-bowel follow-through studies and in 18 (90%) of 20 
small-bowel enemas (p = .0005). In four patients, normal findings on conventional small- 
bowel follow-through were followed by abnormal findings on small-bowel enema done 
for the same reason. 

This experience suggests that the smalil-bowel enema is more sensitive than the 
conventional follow-through examination for the detection of small-bowel cancers. 
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The sensitivity of the small-bowel follow-through (SBFT) examination for detect- 
ing primary malignant tumors in the small bowel varies widely in the literature. 
Many studies are limited to a specific tumor type or combine the results of upper 
gastrointestinal (UGI) and SBFT examinations. Most include direct or indirect 
evidence of malignancy as criteria for an abnormal finding. SBFT findings have 
been reported to be abnormal in 53-83% of primary malignant tumors in the small 
bowel in several series [1-3], and direct evidence of a tumor was present in only 
30-44% of cases [3, 4]. 

The literature includes a few case reports describing the diagnosis of primary 
malignant tumors in the small bowel by the small-bowel enema (SBE, enteroclysis); 
however, the sensitivity and the utility of this technique in showing the tumor have 
not been reported. The SBE has become the standard method of evaluating the 
small bowel at our institution during the past 12 years, although a modified SBFT 
is still used in a few cases. We retrospectively analyzed all primary malignant 
tumors of the small bowel diagnosed at our institution over the past 21 years. The 
sensitivity of the SBFT and the SBE were analyzed on the basis of both direct 
evidence (tumor-detection rate) and indirect evidence from the original radiologic 
interpretation. 


Materials and Methods 


All the examinations were performed by staff radiologists with various degrees of experi- 
ence or by residents in various leveis of training with staff supervision. The conventional 
SBFT examination included a series of overhead radiographs made at various intervals until 
the barium reached the right side of the colon, with spot filming of the terminal ileum. 
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Fluoroscopy with manual compression was performed if an abnor- 
mality was suspected on the overhead radiographs. Thirteen SBFT 
examinations (72%) were performed at our institution. 

Our method of performing the SBE has been described elsewhere 
[5]. Briefly, the small bowel is filled with a preselected amount and 
concentration of barium and methylcellulose infused through a na- 
soenteric tube with the tip positioned at the junction of the duodenum 
and jejunum. Single- and double-contrast compression radiographs 
of all segments of the small bowel are obtained under fluoroscopic 
control. 

Seventy-one patients in whom primary malignant tumor of the 
small bowel was diagnosed over a 21-year period from 1967 to 1988 
were identified through the medical records department. lleocecal 
valve tumors and metastatic lesions were excluded. Lymphomas 
thought to have originated in structures other than the mesentery or 
small bowel were excluded. Thirty-four (48%) of 71 patients had 
undergone either an SBFT (14 patients), an SBE (16 patients), or 
both (four patients) and these 34 form the basis for this study. Patients 
having undergone only an UGI examination and/or a barium enema 
were not included. 

The patients’ charts were reviewed, and the original interpretation 
of the SBFT or SBE was recorded. All studies were ordered by 
clinicians in a clinical setting. In patients who underwent both studies, 
the SBFT preceded the SBE; the clinical indications were similar. 
Only studies that were considered satisfactory by the original inter- 
preter were used. All SBEs were done after 1976; most SBFTs were 
done before 1976. History, physical examination, surgical findings, 
and pathology reports were obtained by reviewing charts. The malig- 
nant tumor was confirmed histologically in all cases. 

For the tumor-detection rate (direct evidence), results of a study 
were considered abnormal if a mass was shown and a tumor was 
suggested on the original report. In some cases, the findings were 
suggestive of a tumor type; however, because the appearances of 
different tumor types overlap, a correct histologic diagnosis on the 
original interpretation was not required for tumor detection. The 
sensitivity was calculated irrespective of whether or not direct or 
indirect evidence of the tumor was reported. Indirect evidence in- 
cluded dilated bowel loops, strictures, adhesions, or fistulas. Thus 
findings from a study were considered abnormal even if the site of 
the lesion or the lesion itself was not detected (Figs. 1 and 2). 
Statistical significance was determined with Fisher's exact test for 
comparing the two techniques. 


Results 


Findings on SBFT were abnormal in 11 of 18 patients 
(sensitivity, 61%). A tumor was detected with the SBFT in 
only six of 18 patients (tumor-detection rate, 33%). Of the 
five studies with indirectly abnormal results, three were inter- 
preted as showing dilated small-bowel loops, one as Crohn 
disease, and one as a nonspecific stricture. SBE findings 
were abnormal in 19 of 20 cases (sensitivity, 95%). A small- 
bowel tumor was identified on the radiograph after SBE in 18 
(90%) of 20 patients. In one SBE with abnormal findings, a 
narrowed segment was interpreted as an adhesive band, but 
was found at laparotomy to be an adenocarcinoma (Fig. 2). 
The one patient with normal SBE results was found to have 
a 1-cm carcinoid in the midileum (Fig. 3). Two patients with 
adenocarcinoma, one with carcinoid, and one with lymphoma, 
had tumors visible on SBE after normal SBFT results. The 
other three patients with normal SBFT results had malignant 
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tumors diagnosed at surgery. The sensitivity and tumor- 
detection rate of the SBE were significantly better than the 
conventional SBFT (p = .0165 and p = .00085, respectively). 

There were six SBFT and 10 SBE studies performed in 
patients with adenocarcinoma. The SBFT showed the tumor 
in two patients; findings were abnormal in two patients and 
were interpreted as normal in another two. The SBE showed 
the tumor in nine patients and showed indirect evidence of 
the tumor in the remaining case. The two patients with normal 
findings on SBFT were examined subsequently by SBE, at 
which time the tumor was shown. Of the 14 patients with 
adenocarcinoma, six had annular strictures, three had poly- 
poid intraluminal masses, and five had ulcerating masses. 
Pain was a presenting symptom in 12 patients, bleeding in 
nine, obstruction in eight, and weight loss in nine. All patients 
had either bieeding or obstructive symptoms, but this com- 
bination was present only in three. 

Of nine patients with carcinoid tumors, six of the lesions 
were submucosal and three presented as strictures. The 
submucosal lesions ranged in size from 1 to 3 cm. The SBE 
revealed the tumor in five of six patients, and SBE results 
were reported normal in one. Of the nine carcinoid patients, 
five had pain, four had bleeding, six had obstructive symp- 
toms, and two had symptoms consistent with the carcinoid 
syndrome. 

Six patients had leiomyosarcoma. SBFT results were ab- 
normal in two patients, normal in one, and the tumor was 
identified in one. The SBE showed the tumor in two cases. 
The tumor was necrotic and ulcerated in five patients. Gas- 
trointestinal bleeding was the major symptom in all but one 
patient. Pain was present in two. None was obstructed. 

SBFT results were normal in two patients with lymphoma, 
two SBFTs showed lymphoma, and two SBEs showed the 
tumor. Four of the lymphomas were histiocytic and one was 
Hodgkin type. There were four masses and one annular type 
of tumor. Two of these patients had bleeding. The patient 
with the annular lesion had obstructive symptoms. 

The SBE studies were all performed after 1976. Ten of the 
SBFT studies were done before 1976. Of the seven SBFT 
examinations with normal results, four were done after 1980. 
The three normal cases before 1980 were not available for 
review. In retrospect, an intussuscepting carcinoid tumor 
could be identified in one of the four SBFTs performed after 
1980, whereas findings on the other three still were consid- 
ered normal. Results of one SBE were normal; in retrospect, 
those results were found to be abnormal (Fig. 3). The retro- 
spective results were not used in determining the sensitivity 
or the tumor-detection rate. 


Discussion 


To our knowledge, this is the largest series of primary 
malignant tumors in the small bowel evaluated with SBE. The 
SBE in this study was more sensitive than the SBFT both in 
detecting an abnormality related to the tumor (95% vs 61%) 
and in depicting the tumor (90% vs 33%). The SBE has a 
higher sensitivity than does SBFT as reported in the literature. 
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Fig. 1.—9¢-min delayed radiograph 
after smail-bowe!l follow-through ex- 
amination sews dilated fluid-filled 
loops. of jejunum and ileum. Neither 
precise point of obstruction nor actual 
tumorwas identified. At surgery, malig- 
nant carcincsd was found in distal 
ileum: causirg cbstruction. 


Fig. 2.—Aadiograph after small- 
bowe: eneme:shows partial obstruction 
caused by wat was interpreted as an 
adhesive band. Patient had circumfer- 
ential adenscercinoma of proximal 
ileum. Both engie- and double-contrast 
phases of study showed difference in 
caliber of smail bowel proximal and 
dista! to narrowing (arrow). 


Fig. 3.—mall malignant carcinoid 
missed on small-bowel enema (SBE). 
Surgery disztosed a bleeding gastric 
carcinoid, missed by upper gastroin- 
testinal endoscopy done before SBE, 
and a smal ileal carcinoid. This was 
only false-negative SBE in this series. 

A, Oblique radiograph with mild 
compressio: during methylcellulose in- 
fusion shows smali intramural defect 
(arrow) in distal Heum. 

B. Radicgreph of supine patient 
shows persistence of intramural defect 
(arrow). Dewect was noted on several 
commression radiographs. 


A 


A few smali series of patients in whom SBE was used to 
diagnose small-bowel tumors have been reported. Findings 
on SBE were abnormal in five (83%) of six patients with 
malignant tumors in the small bowel [3] and 10 (91%) of 11 
patients with lymphoma [6]. Eleven patients with carcinoid 
and SBE studies were reported, but the sensitivity was not 
addressec [7]. Ten of the patients in our study who were 
examined’ wth SBE had adenocarcinomas; 10 (100%) of 10 
SBEs hae abnormal results and nine (90%) of 10 SBEs 
detected ihe tumor. Five (83%) of six carcinoid tumors were 
detected. n the few cases of leiomyosarcoma and lymphoma, 
the SBE cetected the tumor. 

Advantages of the SBE include the ability to test the 
distensibi ty of all segments of the small bowel, increased 
separation cf smail-bowel loops and a double-contrast see- 
through effect for evaluating the small-bowel folds, particularly 
in the peis where crowding and overlapping of segments 
are not irfrequent. In obstructed patients, the enteroclysis 
tube can be used to decompress fluid-distended small-bowel 
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loops to facilitate the subsequent infusion study [8]. Areas of 
narrowing or stricture are not easily mistaken for peristalsis 
or spasm. 

The comparison in this series may be considered biased in 
that a well-performed SBE study was compared with SBFT 
examinations of variable quality. There is, however, no selec- 
tion bias on our part in this retrospective analysis because 
the studies were ordered by clinicians in a clinical setting. 
They may have been biased in their choice depending on 
which method they thought would be the most helpful to 
them. Undoubtedly, the SBE is of prominent interest at our 
institution. The conventional SBFT exams were performed by 
staff radiologists and residents with staff supervision before 
1976. Four of the examinations with normal results done after 
1976 were from smaller community hospitals. These four 
patients subsequently had abnormal findings on SBE. In 
retrospect. one SBFT had been misinterpreted. Of those 
SBFTs available for review, the examinations appear to have 
been technically adequate (a series of overhead radiographs 
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with spot films of the terminal ileum and of other segments 
suspected of being abnormal). Errors on both types of ex- 
aminations may have been technical, interpretive, or both 
[9]. Whatever the reason, fewer errors were made with the 
SBE. More recently, we and others have found that use of a 
dedicated SBFT (the so-called “fluoroscopic” small-bowel 
meal) may result in a higher sensitivity of the oral small-bowel 
examination [10, 11]. Specifically, the performance of thor- 
ough compression with fluoroscopy and attention to technical 
details will improve the SBFT even though limitations of the 
SBFT related to physiology and anatomy of the gastrointes- 
tinal tract are not overcome. None of the SBFT examinations 
in this analysis were done in this manner. In each case, the 
original interpretation was used to determine the sensitivity. 
A retrospective analysis of the films would have been biased 
because the reviewer was fully aware that a tumor was 
present. 

Few series in the literature have determined the sensitivity 
of the SBFT in diagnosis of primary mesenteric malignant 
tumors in the small bowel without including malignant tumors 
in the duodenum. Reported sensitivities for detecting any 
abnormality range from 53% to 83% [1-3]. The reported 
sensitivities for actual detection of tumor are lower, as low as 
44% [3]. For specific kinds of tumor, reported sensitivities for 
indirect evidence of tumor vary with the tumor type; for 
example, adenocarcinoma 88% [12], carcinoid 40% [13], 
lymphoma 65% [14], and leiomyosarcoma 29-61% [15-17]. 
Some authors have reported the sensitivity of a combined 
UGI-SBFT for adenocarcinoma to be as high as 85-90% [18, 
19]; however, these include a large percentage of duodenal 
lesions that were detected on the UGI study. These reportedly 
are easier to detect and do exclude other tumor types that 
have a lower sensitivity. Also, the sensitivity of actual tumor 
demonstration was not determined in these studies. 

In one study, 14 of 29 false-negative results of SBFT 
examinations were abnormal in retrospect [1]. Most fre- 
quently, a narrowing initially was misinterpreted as a peristal- 
tic wave, but overlapping loops, small lesions, and serosal 
lesions also resulted in false-negatives. Errors in the conven- 
tional SBFT have been shown to be primarily due to technical 
inadequacies (71%) rather than perceptive errors (29%) [9]. 
The specificities of the SBFT and the SBE were not deter- 
mined in this study. 

On the basis of our experience, we advocate the use of 
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SBE in patients clinically suspected of having a malignant 
tumor in the small bowel, particularly when chronic or inter- 
mittent abdominal pain with nausea and/or vomiting is present 
or if there is unexplained gastrointestinal bleeding [20]. 
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Case Report 





Typhoid Fever: Diagnosis by Using Sonography 


Julien B. C. M. Puylaert,’ Sjöfn Kristjánsdóttir, Karen L. Golterman,° Gerard M. de Jong,® and Nelly M. Knecht’ 


The diagnosis of typhoid fever is usually obvious, but it can 
be difficult when the clinical findings are not typical. The 
disease is curable, but the mortality rate from typhoid fever 
in the Western world is still about 2%. This is at least partly 
due to a delay in diagnosis, which occurs either because the 
disease is initially not considered or because definitive blood 
cultures require at least 18-36 hr and in 10-30% of patients 
take over a week to show positive results [1]. 

Bacteria’ enteritis caused by other microorganisms, such 
as Yersinia enterocolitica and Campylobacter jejuni, appears 
to have a characteristic sonographic appearance of enlarged 
mesenteric lymph nodes and mural thickening of the terminal 
ileum and cecum [2, 3]. 


We saw three patients with typhoid fever in whom the same 
sonographic features were found, one of whom is described 
here. 


Case Report 


A 12-year-old girl, recently arrived from Pakistan, was admitted to 
the hospital with high fever, malaise, headache, a dry cough, and 
abdominal pain. Defecation was normal. The referring physician sus- 
pected malaria. 

The pulse was 108/min. There was a moderate leukcpenia with a 
marked shift to the left, and the sedimentation rate was 35 mm/hr. 
Although typhoid fever was considered, a lumbar puncture was done 
to rule out meningitis. Because of increasing abdominal pain, a 





Fig. 1.—-A~D, Sonograms show features of bacterial enteritis in two patients with typhoid fever. Enlarged mesenteric lymph nodes {in) (A, C), in 
combination with mural thickening of terminal ileum and cecum, give rise to a characteristic axial image of ileocecal valve (star) (B, D). 
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sonogram was obtained. This showed enlarged mesenteric lymph 
nodes and mural thickening of the terminal ileum and cecum, com- 
patible with bacterial enteritis (Fig. 1). In addition, enlarged lymph 
nodes were identified in the porta hepatis and there was moderate 
splenomegaly. These findings were thought to be consistent with the 
diagnosis of typhoid fever. The next day, blood cultures were positive 
for Salmonella typhi. 


Discussion 


We have seen two other patients with typhoid fever in 
whom identical sonographic features were found in the il- 
eocecal region (Fig. 1). Clinical symptoms in these two pa- 
tients were not typical of typhoid fever. The sonograms were 
requested for a suspected amebic abscess in one patient and 
for unexplained septicemia in the other. Although not specific 
for any one organism, the sonographic features appear to be 
specific for bacterial enteritis of the ileocecal region. The 
differential diagnosis of the sonographic findings includes 
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Yersinia and Campylobacter enteritis, Crohn disease, tuber- 
culous ileitis, and lymphoma. However, the clinical findings of 
these conditions usually do not mimic those of typhoid fever. 
Moreover, the sonographic features of Crohn disease are 
different from those of bacterial enteritis [4], and involvement 
of the mesenteric lymph nodes in malignant lymphoma is 
uncommon. 
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Localized Clotted Blood as 
Evidence of Visceral Trauma on 
CT: The Sentinel Clot Sign 





We retrospectively reviewed the CT scans of 116 patients with abdominal trauma who 
had visceral injuries to determine if identification on CT of focal high-density clotted 
blood (a “sentinel clot”) was an accurate sign of injury to an adjacent organ. The sentinel 
clot sign was sensitive, present in 101 (84%) of 120 visceral injuries with only three 
false-positive cases. Whereas CT visualized the visceral injury itself in 86% of cases, 
the sentinel clot was the only clue as to the source of hemorrhage in 14% of the cases. 
Splenic and bowel/mesenteric injuries were frequently subtle, and the focal clot helped 
to focus attention on the traumatic lesion. In 9% of splenic trauma cases and 32% of 
bowel/mesenteric injuries, the sentinel clot was the only positive finding. 

Localized clot is a frequent and accurate sign of injury to an adjacent organ. By 
facilitating diagnosis of trauma to a specific organ, it may influence the management 
decision of surgical vs conservative therapy. 
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CT plays a major role in the evaluation of patients with suspected abdominal 
trauma. It is accurate in defining visceral injuries and associated hemoperitoneum, 
but hemoperitoneum frequently is more apparent than the visceral laceration or 
hematoma itself [1, 2]. Clotted blood has a different CT appearance than lysed 
blood clot or free-flowing blood because of greater density and hemoglobin content 
[3-5]. We have reported that perisplenic clot is an important clue in CT diagnosis 
of splenic injury [6]. Additional experience suggested that localized clotted blood 
(“sentinel clot”) was a consistent and valuable sign in other visceral injuries as well. 
In order to evaluate the frequency and validity of the sentinel clot sign as an 
indication of a specific visceral injury, we retrospectively reviewed the medical 
records of 116 patients with confirmed.traumatic abdominal injuries that had been 
studied by using CT. 


Materials and Methods 


We retrospectively reviewed the CT log books and surgical registry to find the records of 
all patients who had CT scans done for blunt abdominal trauma during the period of February 
1984 to August 1988. Excluding cases of retroperitoneal injury, incomplete records, or 
inconclusive proof of diagnosis, we found a total of 130 visceral injuries in 116 patients. CT 
findings were compared with observations at surgery (114 injuries in 100 patients). In those 
cases managed nonoperatively (16 injuries in 16 cases), confirmation required unequivocal 
CT demonstration of a visceral injury; follow-up CT scans frequently provided further confirm- 
atory evidence. If surgery or follow-up did not confirm injury to an additional organ adjacent 
to the localized clot, the CT scan was considered in error (a false-positive sentinel clot sign). 

Hemoperitoneum was identified as free intraperitoneal fluid having an attenuation of greater 
than 25 H, usually in the range of 35-45 H [1]. Clotted blood was recognized as a 
heterogeneous focal collection having a mean CT number greater than 60 H when measured 
by computed region of interest (RO!) cursor readout; if ROI measurements were unavailable, 
we accepted the presence of a focal heterogeneous collection that was visibly more dense 
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than the other fluid (hemoperitoneum) as evidence of clot. The hy- 
perdense region (sentinel clot) was assigned a relationship to an 
adjacent solid or hollow viscus as the most likely site of injury and 
source of hemorrhage. 

All scans were obtained on a GE 9800 scanner (General Electric 
Medical Systems, Milwaukee, WI). All patients received both IV and 
oral contrast media and were scanned with a 10-mm slice thickness 
in contiguous slices through the abdomen and at 2-cm intervals 
through the pelvis. 


Results 


Of the total 130 visceral injuries in 116 patients, 10 cases 
had insufficient intraperitoneal blood to evaluate further. Of 
the remaining 120 injuries, 101 had evidence of a sentinel clot 
and 19 had generalized hemoperitoneum but no focal clot 
(Table 1). In 87 (86%) of the 101 cases with sentinel clot, CT 
also visualized a visceral injury; however, in 14 cases (14%), 
the sentinel clot was the only clue as to the site of injury. 
False-positive identification of a sentinel clot was noted in 
only three cases. In one case, unopacified bowel was falsely 
interpreted as a clot in the mesentery, whereas in another an 
extraperitoneal rectus muscle hematoma was misinterpreted 
as an omental clot. The third case was a predicted splenic 
injury probably representing misinterpretation because of par- 
tial-volume artifact of the enhanced spleen. Distribution of the 
sites of injury and the relative contribution of the sentinel clot 
sign are listed in Table 1. 


Discussion 


Hemoperitoneum is present in nearly all patients with clini- 
cally important intraperitoneal injuries and is frequently pre- 
sent in patients with trivial self-limited injuries as well. If a 
protocol of surgery for all patients having hemoperitoneum, 
usually determined by diagnostic peritoneal lavage, is used, 
nontherapeutic laparotomy rates are 10-25% [7, 8]. Minor 
hepatic and mesenteric injuries are seen most often. 

Although peritoneal lavage is a sensitive indicator of intra- 
peritoneal hemorrhage, it fails to detect the source or signifi- 
cance of the bleeding [9]. Nonoperative management of most 
abdominal visceral injuries is commonly accepted for pediatric 
patients who are hemodynamically stable. CT has, neverthe- 
less, proved valuable in evaluating the initial injury and the 
response to therapy [10]. 


TABLE 1: Presence of Sentinel Clot and Site of Injury 











Sentinel 
Clot Sentinel Clot as: 
Site of Injury present., EES 
Only False 
Tes no Finding Positive 
Spleen 57 8 6 1 
Liver 27 6 0 0 
Mesentery/bowel 15 4 6 2 
Gallbladder 1 1 1 0 
Urinary bladder T S | Ee esse Te) Qo 
Total 101 19 14 3 
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In the adult population, CT has also proved to be extremely 
accurate in the diagnosis of abdominal visceral trauma [1, 2, 
9]. Successful nonoperative management of most patients 
with hepatic lacerations defined by CT has been demon- 
strated and is growing in acceptance [11, 12]. Several recent 
reports have suggested that CT can play an important role in 
the nonoperative management of adult patients with splenic 
trauma, based on a scoring system that grades the paren- 
chymal lesion and the extent of hemoperitoneum [13, 14]. CT 
has also shown promise in distinguishing “surgical” from 
“nonsurgical” cases of bowel and mesenteric injuries 
[15, 16]. The potential for CT to demonstrate and quantify 
hemoperitoneum and to evaluate its source is, therefore, of 
critical importance. 

We found the sentinel clot sign to be a valuable adjunct in 
CT of abdominal trauma, being both sensitive and specific in 
identifying the injured organ. Sentinel clot was present in 101 
(84%) of 120 visceral injuries, with only three false-positive 
cases. While CT visualized the parenchymal injury itself in 
86% of cases, the sentinel clot sign was the only clue as to 
the source of hemorrhage in 14% of cases. In many cases, 
the sentinel clot was much more obvious than the parenchy- 
mal injury itself. We propose an analogy to the “fat pad” sign 
that is so useful in cases of elbow trauma. Just as the positive 
fat pad sign may be the only abnormality or may draw 
attention to a subtle underlying fracture, so too can the 
sentinel clot sign increase the diagnostic accuracy of CT in 
identifying specific visceral injuries, particularly those of the 
spleen and bowel/mesentery. 

CT has proved accurate in the diagnosis of splenic trauma. 
Although an accuracy of 95% was reported in an earlier 
series, the actual splenic laceration or hematoma was visu- 
alized in only 71% [6]. The value of noting perisplenic clot, 
present in 85% of cases, was apparent, and constituted the 
main or only sign of splenic injury in 11 of 55 cases [6]. 
Similarly, in the current report, 88% of patients had perisplenic 
clot, and in six (9%) of 65 total splenic injuries the sentinel 
clot was the only sign of splenic trauma (Figs. 1 and 2). In 
such cases, surgical or pathologic findings usually indicated 
a small peripheral laceration or a central plane of laceration 
with little parenchymal hematoma. 

Intestinal and mesenteric injuries are difficult to diagnose 
by any means, including imaging, laboratory, physical exami- 
nation, or peritoneal lavage. Accurate diagnosis with CT has 
recently been reported [15, 16], but demands excellent scan- 
ning technique including the use of oral contrast medium and 
appropriate CT photography. Although not specifically ad- 
dressed in the current study, the use of oral contrast medium 
may allow identification of extravasation (indicating bowel 
laceration) and may prevent mistaking unopacified bowel 
loops for hematoma, or vice versa. Despite our caution, two 
of the three false-positive sentinel clots were in the mesentery 
or omentum. Because the CT signs of bowel injury may be 
infrequent (extravasated bowel contrast material or air) or 
nonspecific (bowel-wall thickening), the sentinel clot sign is 
particularly valuable. In cases of mesenteric hematoma it is 
frequently the only sign of injury. In the current series, sentinel 
clot was the only indication as to the source of hemorrhage 
in six (32%) of 19 cases of bowel or mesenteric injury. Thus, 
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Fig. 1.—Surgizally confirmed splenic injury with perisplenic hematomas. Fig. 3.—Bowel and mesenteric injury. CT scan shows hypercense mass 
CT scan shows hyperdense clot (C) relative to lower density of lysed blood surrounding ileal loops and extending into mesentery. Bowel-wall thick- 
(B) surrounding iver. ening and free hemoperitoneum were present on other sections. Surgery 


confirmed iaceration of terminal ileum and a mesenteric hematoma. 


specific. Because management of hepatic, splenic, and bowel 
injuries depends on identification of the source as well as the 
amount of hemorrhage, CT can have an important influence 
on management decisions. 
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Book Review 





Modern Imaging of the Liver. Applications of Computerized Tomography, Ultrasound, Nuclear Medicine, and 
Magnetic Resonance Imaging. Edited by Michael Andrew Wilson and Francis F. Rucizka, Jr. New York: Dekker, 
712 pp., 1989. $150 (U.S. and Canada); $180 (all other countries) 


The fifth volume in a series of monographs (Liver: Normal Function 
and Disease), this book has been written for “physicians as well as 
clinical and non-clinical scientists” interested in hepatobiliary diseases. 
Its main purpose is to “help individuals decide on the relative merits 
of the various technologies and their potential applications to dis- 
eases.” 

The text is divided into three sections (physical principles, clinical 
applications, and relative efficacy), each of which is designed to be 
independent of the others so that chapters in one section “can be 
read without referring to the others.” The first section comprises six 
chapters, which review the principles and instrumentation of imaging 
techniques. Topics covered include plain radiography, CT, digital 
angiography, nuclear scintigraphy, sonography, and MR. This section 
is meant to be a “general reference source” for imaging techniques, 
regardless of the anatomic area. The chapters are well written, and 
the summaries of the principles and instrumentation are useful. 
Included are several recent developments, such as Doppler sonog- 
raphy and positron emission tomography (PET). However, there is 
neither a discussion on single-photon emission CT (SPECT) nor a 
description of contrast agents. Because the chapters are relatively 
brief, the material presented will be comprehended adequately by 
only those who are already familiar with the subject matter. 

The second section describes the clinical applications of each of 
the aforementioned imaging tests in examining the liver and biliary 
tree. Included is a separate chapter on endoscopic retrograde chol- 
angiopancreatography (ERCP). In this section, the chapter on CT of 
the liver, gallbladder, and bile ducts by Patrick C. Freeny is particularly 
noteworthy. In general, the image quality is adequate, although a 
significant proportion of sonograms presented are static images. 
Because of the small page size, many images are displayed sideways, 
and often the legends and the images are on different pages. This is 
inconvenient and it makes image comparison difficult. Missing are 


discussions on the role of intraoperative sonography, Doppler sonog- 
raphy, and SPECT. 

The final section describes the relative efficacy of each of the 
imaging techniques in six common clinical conditions (chronic chole- 
cystitis, acute cholecystitis, jaundice, hepatic trauma, liver metas- 
tases, and liver abscess). These chapters include useful descriptions 
on pathophysiology and clinical presentation. However, the material 
included is not always current. For example, there is only a brief 
mention of the usefulness of MR imaging for detecting liver metas- 
tases. The clinically important issue of differentiating hepatic heman- 
giomas from metastases is not stressed adequately. Although the 
need for an “economical diagnosis” was stated as an objective of the 
text, no explicit discussion is provided on the relative costs of each 
imaging test. 

This text does serve its intended purpose, which is to highlight 
relative merits of the various imaging tests in diagnosing diseases of 
the liver and bile ducts (although there is some bias toward nuclear 
medicine tests). The major limitation of the book is that it has not 
been edited adequately. Several inconsistent statements in the text 
result from the book's multiple authorship. For example, the number 
of cholecystectomies per year in the United States is given as 700,000 
in chapter 13 and 500,000 in chapter 14. Similarly, the amount of 
iodinated contrast medium recommended for evaluating the liver and 
bile ducts is different in chapters 7 and 15. At least two of the images 
are displayed incorrectly. The text may be interesting to radiologists, 
but, given its high cost, it probably will not supplant more compre- 
hensive texts on this topic that already are available. 
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Arterial Perfusion Abnormalities of 
the Liver After Hepatic Arterial 
Infusion Chemotherapy and Their 
Correlation with Changes in the 
Metastases: Evaluation with CT and 


Angiography 





We studied the progress of hepatic arterial perfusion abnormalities in 50 patients 
receiving long-term arterial infusion chemotherapy for palliative treatment of liver me- 
tastases from colorectal cancers and correlated the findings with changes in the 
metastases. Intraarterially and IV enhanced CT scans and digital subtraction angiograms 
of the liver were made in all patients before chemotherapy and at 3-month intervals 
during chemotherapy for 1 year. Before the chemotherapy, all patients had normal 
hepatic arterial perfusion. Arterial perfusion abnormalities were detected in 30 patients 
(60%) after 6 months of chemotherapy and in 41 patients (82%) after chemotherapy for 
1 year. After 6 months of chemotherapy, 36% of the regressive and 39% of the 
progressive metastases were located in areas with arterial perfusion abnormalities. 
After 1 year of chemotherapy, 54% of the regressive and 60% of the progressive 
metastases were situated in portions of the liver with perfusion abnormalities. 

Hepatic arterial perfusion abnormalities were found to be progressive during intraar- 
terial infusion chemotherapy. No relationship between arterial perfusion abnormalities 
and tumor response to chemotherapy could be detected. 
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Since the introduction of implantable drug infusion pumps, continuous hepatic 
infusion chemotherapy via the hepatic artery by using 5-fluoro-2-deoxyuridine 
(FUDR, Roche Laboratories, Nutley, NJ) has gained acceptance for palliative 
treatment of liver metastases originating from colorectal cancers [1, 2]. However, 
the procedure is not free of complications. These include liver cell damage, biliary 
sclerosis, and occlusion of the hepatic artery and its branches [3-6]. Although 
some of these problems have been described in detail, little is known about hepatic 
arterial perfusion abnormalities that occur at various times after chemotherapy 
[7-9]. 

Therefore, we performed CT and digital subtraction angiography (DSA) on 50 
patients who were undergoing continuous intraarterial hepatic infusion of FUDR for 
treatment of hepatic metastases. 


Subjects and Methods 


Fifty patients (32 men. 18 women; mean age, 61 years) with histologically proved liver 
metastases from colorectal cancers were included in the study after informed consent was 
obtained. The primary tumor had been resected in all patients, and none had clinical or 
radiologic evidence of extrahepatic metastases. Before the chemotherapy, intraarterial DSA 
of the celiac mesenteric arteries was performed by using 20 mi of iopamidol given at a rate 
of 5 mi/sec (Angiotron, Siemens, Erlangen, W. Germany; Solutrast 300, Byk Gulden Konstanz, 
W. Germany). 

A drug-infusion pump was surgically implanted subcutaneously in the anterior abdominal 
wail (Infusaid, Infusaid Corp., Norwood, MA). When standard arterial anatomy was present, 
a catheter attached to the pump was inserted surgically into the gastroduodenal artery with 
the tip of the catheter positioned at the origin of the common hepatic artery. in patients with 
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two hepatic arteries supplying the liver, catheters were placed in both 
arteries to allow perfusion of the entire liver. A cholecystectomy also 
was performed in all patients. After surgery, alternating 2-week 
continuous infusions of FUDR and heparinized saline (50,000 U/50 
mi) were begun. The dosage of FUDR was 0.3 mg/kg/day for 3 
months and 0.2 mg/kg/day thereafter. 

All patients had complete blood counts, liver chemistry, and carci- 
noembryonic antigen levels determined at monthly intervals for 1 
year. For evaluation of arterial perfusion of the liver, intraarterially 
enhanced CT scans were made in ail patients within 1 week after 
implantation of the drug-infusion pump and at 3-month intervals 
thereafter (contiguous 10-mm slices, TCT/GE 8800, Milwaukee, WI). 
Solutrast 300 was injected via the side port of the drug-infusion pump 
by using an electrical pump at a constant flow rate of 0.4 mi/sec 
throughout the examination. Enhancement was assessed visually 
from the scans. Arterial perfusion of the liver was considered normal 
when the entire liver parenchyma showed homogeneous enhance- 
ment. Perfusion abnormalities or defects were diagnosed when por- 
tions of the liver had inhomogeneous enhancement or no enhance- 
ment. 

Additional enhanced and unenhanced CT studies were performed 
every 3 months for 1 year. The volume of the metastases on the 
scans was assessed by delineating the contour of each metastasis 
with a track-ball device. A change in volume of a metastasis was 
considered significant when the change amounted to 50% or more 
of the pretherapeutic volume. 

To depict arterial anatomy, flow pattern, and catheter placement, 
DSA was performed immediately after the intraarterially enhanced 
CT studies in which contrast material was injected through the side 
port of the pump (flow rate, 1 ml/sec). Before chemotherapy, intra- 
arterially enhanced CT studies showed homogeneous perfusion of 
the entire parenchyma of the liver, and DSA revealed normal mor- 
phology of the hepatic artery and its branches in all patients. 

Four patients died during the study, and the arterial system was 
explored in detail at autopsy. 


Results 


intraarterially enhanced CT scans made after 6 months of 
infusion chemotherapy showed homogeneous enhancement 
of the liver in only 20 patients (40%). All of the others had 
hepatic perfusion abnormalities. In these patients, the regions 
of the liver showing perfusion abnormalities involved on av- 
erage 32% of the entire volume of the liver, ranging from 14% 
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to 48%. Thirty-seven percent of all metastases were located 
in these areas of the liver. 

Hypoperfusion of portions of the liver was found in 24 
patients (48%). Hypoperfused areas were located in the right 
lobe of the liver in 10 patients (20%) and in the left lobe of the 
liver in seven patients (14%). In seven patients (14%), hypo- 
perfused areas of the liver were seen in both lobes. Complete 
perfusion defects of areas of the liver were found in six 
patients (12%). Of these nonperfused areas, three were found 
in the left and two in the right lobe of the liver. One patient 
showed perfusion defects in both lobes of the liver (Fig. 1A). 

The angiograms made after 6 months of chemotherapy 
showed similar findings. In patients with homogeneous liver 
enhancement on CT scans, arteriography showed normal 
arterial anatomy and perfusion. In patients with inhomogene- 
ous liver enhancement on CT, angiography showed multifocal 
narrowing of the hepatic arteries. Moreover, in patients with 
perfusion defects seen on CT scans, peripheral artery occlu- 
sions were present, correlating locally to these perfusion 
defects. in one patient, arteriography showed a significant 
stenosis of the common hepatic artery close to the tip of the 
catheter (Fig. 1B). 

After 6 months of chemotherapy, the volume of the metas- 
tases had decreased in 32 patients (64%) and increased in 
11 patients (22%) by more than 50% in comparison with the 
pretherapeutic volume. In seven patients (14%), no significant 
changes in tumor burden were found. Thirty-six percent of 
the regressive and 39% of the progressive metastases were 
located in hypoperfused areas of the liver. Nine new metas- 
tases were found in five of the 11 patients with progressive 
metastatic disease. Of these nine metastases, two arose in 
nonperfused areas of the liver. In hypoperfused portions of 
the liver, two new metastases had emerged. The other five 
new metastases, however, were located in normally perfused 
areas of the liver. 

Intraarterially enhanced CT scans made after 1 year of 
chemotherapy showed homogeneous enhancement of the 
liver in nine patients (18%). None of these patients had hepatic 
arterial perfusion abnormalities at any time during the follow- 
up period. Forty-one patients (82%) had arterial perfusion 


Fig. 1.—A, intraarterially enhanced CT scan 
obtained after 6 months of intraarterial infusion 
chemotherapy. Left lobe of liver has been re- 
sected. Arterial perfusion of liver area surround- 
ing large metastases (arrow) is markedly re- 
duced compared with that in anterior portion of 
liver. 

8, Digital subtraction angiogram made at 
same time as A shows a centrally located ste- 
nosis (arrow) and tortuous course of many liver 
arteries. 
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abnormalities. In these patients, the average volume of tne 
regions of the liver with perfusion abnormalities amounted to 
53% of the total volume of the liver (range, 29-76%). Fifty- 
five percent of all metastases were situated in these regions 
of the liver. 

Hypoperiused areas of the liver were found in 23 patients 
(46%). In eight (16%) of these patients, the hypoperfused 
areas weve located in the right lobe and in seven patients 
(14%) they were in the left lobe of the liver. In eight patients 
(16%), hypoperfused portions of the liver were found in both 
lobes. CT showed complete perfusion defects in 18 patients 
(86%). Perfusion defects were located in the right lobe in four 
patients (6%), in the left lobe in three (6%), and in both lobes 
of the liver in four (8%). In seven patients (14%), complete 
perfusion cefects and hypoperfused areas of the liver were 
found (Fig. 2A). 

Comparison of the scans made after 12 months of chemo- 
therapy with those obtained after 6 months of chemotherapy 
showed efferent hepatic arterial perfusion patterns in 32 
patients (64°). Reperfusion of portions of the liver was found 
in five patients (10%). Two (4%) of these patients had peru- 
sion defects and three (6%) had hypoperfused areas of the 
liver on tae scans made after 6 months of chemotherapy. 
Newly developed complete arterial perfusion defects of areas 
of the liver were found in 11 patients (22%). Five of these 
perfusion defects were seen in patients with previous homo- 
geneous eahancement. All other new perfusion defects were 
found in patients with arterial perfusion abnormalities after 6 
months of chemotherapy. New arterial hypoperfusions were 
found in #6 patients (32%). Six (12%) of these patients 
showed homogeneous enhancement of the liver after 6 
months of chemotherapy. 

The findings on DSA made after 1 year of chemotherapy 
were similar to those seen on the CT studies. In all patients 
with arterial perfusion abnormalities, the described alterations 
of hepatic arteries such as tortuous courses, stenoses, and 
occlusions were aggravated in comparison to the 6-month 
examination. In addition, in seven of the 18 patients with 
hepatic perfusion defects seen on CT, large liver arteries now 
were invcived and showed stenoses or obliterations. In two 


Fig. 2.4. intraarterially enhanced CT scan 
obtained atier 1 year of chemotherapy with 5- 
fluoro-2-deexyuridine shows extensive arterial 
hepatic per'usion defects. Metastases located 
in left lobe of liver are not perfused (arrow). 

B, Digital subtraction angiogram made at 
same time as A shows an occlusion of left he- 
patic artery{anrow). Peripheral liver regions are 
deprived of-arterial blood flow. Histologic study 
revealed muitiple arterial thrombotic oblitera- 
tions. 
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patients with occluded arteries at 6 months, these arteries 
were recanalized, corresponding to reperfused liver regions 
seen on CT scans. In four (8%) of the 23 (46%) patients with 
hypoperfused areas of the liver, arteriography showed a 
patchy opacification of these areas without sharp delineation 
of arterial vessels. Neither displacement nor occlusion of the 
catheter was detected in any patient at any time (Fig. 2B). 

After 1 year of chemotherapy, the volume of the metastases 
had regressed in 19 patients (38%) and had progressed in 26 
patients (52%). Regression and progression were defined as 
changes in volume of metastases of more than 50% when 
compared to the pretherapeutic volume. In five patients (10%), 
there was still no significant change in the volume of the 
metastases. Of the regressive metastases, 47% were located 
in hypoperfused portions of the liver and 7% were lying in 
arterially nonperfused areas. Fifty-one percent of the progres- 
sive metastases were situated in areas of the liver showing 
hypoperfusion on CT. Nine percent of the progressive metas- 
tases were found in nonperfused regions of the liver. Twenty- 
one new metastases developed in 17 (34%) of the 26 patients 
with progressive disease. Of these 17 metastases, seven 
(41%) were located in hypoperfused areas of the liver. Two 
(12%) of the 17 newly arisen metastases were found in non- 
perfused portions of the liver. 

Histologic examination of the four livers available from 
autopsies revealed thrombotic occlusions of hepatic artery 
branches varying from recent to organized lesions. Some- 
times partial recanalization of occluded arteries was detected. 
intimal fibrosis of extrahepatic branches of the hepatic artery 
was a common finding. Cells associated with chronic inflam- 
mation were found next to many small arteries, suggesting 
reactive arteritis. 


Discussion 


Arterial liver perfusion abnormalities after intraarterial 
chemotherapy have been examined by Bledin et al. [10], who 
used *"Tc-labeled macroaggregated albumin particles. As 
early as 5 days after chemotherapy was started, irregular 
perfusion defects of the liver were identified in five of 16 
patients [10]. 
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Little information is known about the pathogenesis of he- 
patic arterial damage that occurs after intraarterial infusion of 
FUDR. Arterial injury induced by the catheter would be ex- 
pected to occur next to the catheter tip. In our series, how- 
ever, central stenosis of the common hepatic artery close to 
the tip of the catheter was found in only one patient. All the 
other arterial stenoses and occlusions observed were located 
in peripheral liver areas far from the catheter tip. 

Distribution of arterial flow depends on the position of the 
catheter in the hepatic artery. Preferential flow may transport 
injected substances into a particular region of the organ. 
Although no changes of catheter position were noted in any 
patient, this phenomenon may lead to inhomogeneous distri- 
bution of the contrast material and of the chemotherapeutic 
agent. 

Arterial thrombosis causing obstruction of arteries may 
arise from around or within the catheter. Although the system 
was heparinized and continuously perfused, those thrombi 
may occur occasionally and cause arterial perfusion abnor- 
malities. 

The higher injection rates of the contrast material used for 
intraarterially enhanced CT scans and for arteriography may 
result in different arterial perfusion patterns than does the low 
infusion rate during continuous infusion of the cytotoxic agent. 
Perfusion abnormalities seen on CT, however, were paralleled 
by alterations of the hepatic arteries, such as narrowing of 
the lumen and occlusions, in every patient studied. Thus, 
distribution of the contrast material may be comparable to 
that of the chemotherapeutic substance. 

As the blood supply of liver metastases is almost exclu- 
sively provided by the hepatic artery, metastases act as 
sumps and may influence the distribution of arterial perfusion. 
In our series, however, no relationship was found between 
the occurrence of perfusion abnormalities and the presence 
of metastases. 

Therefore, we hypothesize that the chemotherapeutic 
agent plays a major role in the development of arterial dam- 
age. Toxic arteritis induced by FUDR or its metabolites has 
been discussed as a possible cause of arterial damage [10]. 
Furthermore, radiomimetic effects of this antimetabolite of 
DNA are conceivable, because changes in arteries after ex- 
posure to ionizing radiation that are similar to the changes 
we have seen have been described [11, 12]. 

The reperfusion of liver regions seen on CT scans after 
arterial perfusion defects is likely to result from recanalization 
of previously obliterated arteries. This hypothesis is supported 
by arteriographic as well as by histologic findings. The re- 
canalization of arteries may be due to reparative processes 
in the absence of high concentrations of FUDR in occluded 
vessels. 

in patients without recanalization of occluded liver arteries, 
development of arterial collaterals could account for the ob- 
served changing perfusion patterns seen on CT. Existence of 
intrahepatic collaterals between left and right lobes of the liver 
has been described by Healey et al. [13]. Moreover, arterial 
perfusion of liver regions deprived of their original arterial 
blood supply may be ensured via vasa vasorum or periarterial 
vessels [14, 15]. Except for the vasa vasorum, these collat- 
erais have been shown by arteriography [16]. 
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Our results remain inconclusive as to whether hepatic 
arterial perfusion abnormalities have any significant influence 
on progression or regression of liver metastases. Metastases 
located in nonperfused liver regions on average did not show 
an increased tendency to grow when compared to those 
situated in perfused liver areas. Moreover, metastases did 
not originate in liver regions deprived of their original arterial 
blood flow any more frequently than they originated in liver 
areas without arterial perfusion defects. We suppose that 
reduction of arterial blood flow can result in ischemic injury of 
metastases, inhibiting their growth. The reduced arterial nu- 
trition also may be responsible for the low frequency of new 
metastases emerging in nonperfused liver regions. These 
results, however, should be viewed as preliminary, because 
hepatic arterial perfusion can change rapidly during long-term 
intraarterial infusion chemotherapy and because our obser- 
vations are based on a relatively short follow-up period in a 
small number of patients. 
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MR Angiography and Dynamic 
Flow Evaluation of the Portal 
Venous System 





We studied the value of MR angiographic techniques in imaging the portal venous 
system. Projection angiograms were created by postprocessing a series of two-dimen- 
sional, flow-compensated gradient-echo images. Flow velocity was determined by a 
bolus-tracking method with radiofrequency tagging and multiple data readout periods. 
Each image was acquired during a breath-hold. MR angiography was applied to six 
normal subjects and four patients with abnormal hemodynamics in the portal venous 
system. Flow velocity determined by MR was correlated with the results of duplex 
sonography. The main portal vein and intrahepatic branches were shown in all cases. 
Portosystemic collaterals were identified in all patients with portal hypertension. In 
normal subjects, peak flow velocities (17.9 + 2.8 cm/sec) on MR correlated well with 
values determined by duplex sonography (17.5 + 2.2 cm/sec) (r = .846, p < .04). 
Reversed portal blood flow was shown in two patients. One patient with portal vein 
thrombosis had no evidence of flow by MR angiography. 

Our results indicate that MR angiography can provide a three-dimensional display of 
normal and abnormal vascular anatomy as well as functional information in the portal 
venous system. 
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Numerous investigators have used MR to study blood flow [1-4]. Time-of-flight 
and phase effects can be used to determine the direction and velocity of flow. 
Recently, methods for obtaining MR angiograms have been described [5-9]. These 
methods substantially overcome the limitations of two-dimensional tomographic 
acquisitions by displaying, in a single image, blood vessels within a thick volume, 
analogous to conventional angiograms. In this article, we describe MR angiography 
of the portal venous system in normal subjects and in patients with portal hyper- 
tension. 


Subjects and Methods 
Normal Volunteers and Patients 


In six healthy male volunteers, portal vein biood-flow velocities were determined by MR 
angiography and were correlated with the results of duplex sonography. Subjects fasted for 
at least 4 hr before both studies. The maximum time between completion of MR angiography 
and duplex sonography measurements did not exceed 30 min. 

Four consecutive patients with portal hypertension and abnormal portal venous blood-flow 
dynamics shown by conventional angiography or duplex sonography were studied. One 
patient with a history of alcoho! abuse had advanced liver cirrhosis. The diagnosis of portal 
hypertension was based on the finding of abdominal venous collaterals on a sonogram 
obtained 3 months before admission. A duplex sonogram made at admission suggested 
portal vein thrombosis, but a second study after the MR examination showed a patent portal 
vein with reversed flow. The second patient had an enlarged liver, esophageal varices proved 
by endoscopy. and a patent umbilical vein proved by sonography. In the third patient, the 
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hepatic wedge pressure was elevated. Delayed films after injection 
of contrast medium into the superior mesenteric artery showed 
hepatofugal flow in the inferior mesenteric vein and slow hepatopetal 
flow in the main portal vein. The cause of the portal hypertension in 
the second and third patients was not known. The fourth patient had 
a history of alcoholism and showed esophageal varices at endoscopy. 
Duplex sonography showed thrombosis of the main portal vein, but 
evaluation for varices was limited by meteorism. 


MR Angiography 


The MR studies were done with a 1.5-T whole-body imaging 
system (Siemens, Erlangen, W. Germany). A circularly polarized body 
coil was used as transmitter and receiver. The peak gradient ampli- 
tude of the system was 10 mT/m, and minimum gradient ramp time 
for this study was 500 usec. All studies were done within the 
guidelines of the institutional review board of the hospital. 

Because the portal vein is angled and curved, it is not generally 
feasible to image its entire length in a single slice. To overcome this 
problem, a series of overlapping slices was acquired. These images 
were then postprocessed with a maximum-intensity-projection algo- 
rithm [10, 11]. In this technique, the images are viewed by the 
computer at a user-selected projection angle. The brightest pixel 
along this angle is placed into the projection image. The process is 
repeated for 256 x 128 pixels to produce a spatially resolved projec- 
tion angiogram. In the MR angiogram, blood vessels appear bright 
and stationary tissues appear darker. 

Breath-hold two-dimensional FLASH (fast low-angle shot) [12] 
images were acquired at the end of expiration. Images spanning the 
portal vein were obtained in the axial and coronal planes. In one of 
the patients, sagittal images also were obtained. First-order (velocity) 
flow compensation was applied in the frequency-encoding and slice- 
selection directions [13]. Scan parameters were 30/10/30° (TR/TE/ 
flip angle), with one excitation, 256 x 256 acquisition matrix, and 6- 
mm slice thickness. Field-of-view was 42 cm, yielding a pixel dimen- 
sion of 1.6 mm. Imaging time was 8 sec for each breath-hold 
acquisition. 


Flow Velocity Quantification 


This method involved a bolus-tagging phase and a readout phase 
[14]. In the bolus-tagging phase, a volume of blood was labeled by 
an RF presaturation pulse. The RF pulse was 2.56 msec in duration 
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and was computer-optimized to provide a rectangular slice profile 
[15, 16]. A flip angle of 90° empirically was found to be effective for 
eliminating signal from flowing blood. The RF pulse was followed by 
a spoiler gradient (5 mT/m) applied in the slice-selection direction. 
For evaluation of the main portal vein, the frequency-encoding and 
phase-encoding gradients were applied simultaneously with the RF 
pulse. As a result, the presaturation slab (1 cm thick) was oriented at 
a 45° angle, approximately perpendicular to the main portal vein. The 
presaturation slab was positioned just distal to the confluence of 
splenic and superior mesenteric veins. 

In the readout phase, the signal was read out four times (generating 
four images), over an interval of 150 msec, by repeating the FLASH 
sequence four times. The motion of the tagged bolus was thereby 
shown at four time points after presaturation. Scanning parameters 
were 10/20°/1 (TE/flip angle/number of excitations), with a 256 x 
128 acquisition matrix and 6-mm slice thickness. These images were 
acquired with breath-holding cver a 19-sec interval. Neither cardiac 
nor respiratory gating was used. The excitation flip angle for the 
FLASH sequence was empirically selected to make the tagged bolus 
appear dark against a bright background of flowing blood. By chang- 
ing the orientation and position of the presaturation slab, we could 
use the same procedure to analyze flow in major portal branches. 

in order to overcome potential problems with partial volume aver- 
aging, a series of these images was acquired with 1-mm overlap and 
then was postprocessed as described earlier to produce a projection 
image spanning the entire thickness of the main portal vein. The 
projection images then were used for calculation of peak flow velocity. 


Calculation of Peak Flow Velocity 


In the normal subjects anc in one patient, the dynamic bolus- 
tracking sequence was applied to the portal venous system. For 
velocity calculations, the MR angiograms were magnified and viewed 
at narrow windows for the most precise evaluation of the tagged 
boluses. The distance (D) between the trailing edge of the presatu- 
ration slab and the most advanced point in the trailing edge of the 
tagged bolus was measured for each of the four time points. Peak 
velocities (V) were calculated by dividing these distances by the time 
intervals (AT) between the center of the presaturation RF pulse and 
the center of the respective readout periods: 


V = fD/AT (1) 


Fig. 1.—A and B, Coronal (A) and 
axial (8) angiograms created by post- 
processing a limited series of breath- 
hold, two-dimensional flow-sensitive 
images, show determination of angles 
used for correcting MR flow velocity. 
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A factor f) was introduced to correct for the three-dimensional angling 
of the pertal vein with the imaging plane. The angles formed by the 
portal vein with the coronal (c) and axial (a) planes were measured 
from therespective projection angiograms (Fig. 1) and the correction 
factor ce:culated as: 


f = v(sin c)? + (cos c/cos a)? (2) 


The time delays between the presaturation pulse and the different 





Fig. 2.—-Normal subject. MR angiography with dynamic bolus tracking. 
Presaturation (black stripe) is applied approximately perpendicular to main 
portal veia and is imaged at four time points (from top to bottom: 20.4, 
58.3, 96.2. 134.2 msec). Note hepatopetal motion of tagged bolus within 
portal vein. Also note dark stripe (arrows). The significance of this is 
uncertain. However, it may represent phase dispersion due to shear flow 
at dividerseparating flow into right and left portal veins. 
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echos were: AT; = 20.4, AT: = 58.3, AT; = 96.3, AT, = 134.3 msec. 
As the distance traveled by the presaturation bolus during AT; was 
too short to be determined exactly, this measurement was excluded 
to avoid errors. The peak velocity of the blood flow in the portal vein 
was caiculated from the average of the velocities corresponding to 
the other three time intervals. 

The sonographic examinations were performed with a computed 
duplex sonography unit (Acuson-128, Acuson, Mountain View, CA). 
A phased-array 3.5-MHz sector probe with simultaneous Doppler 
capacity was used. In all examinations, angle-corrected, time-aver- 
aged peak flow velocities were determined. In order to maintain 
accuracy, the angle between the portal vein and the Doppler beam 
was kept as acute as possible. In no case was the angle greater than 
55°. The main and right portal veins were investigated. All studies 
were performed without prior knowledge of the results of MR angiog- 
raphy. Mean values were calculated from three measurements in the 
same subject. 

Statistical correlation of MR angiography and duplex sonography 
results was analyzed by using regression analysis. 


Results 


The main portal vein and its intrahepatic branches were 
shown in all six volunteers (Fig. 2). Also the tagged boluses 
were well delineated, allowing three separate flow-velocity 
measurements in every case. The mean values and standard 
deviations, corrected for small samples (SD-1), of MR an- 
gicgraphy and duplex sonography results are given in Table 
1 (next page). Regression analysis showed a high correlation 
(Fig. 3) between peak velocities obtained by sonography and 
MR imaging (r = .846, r? = .716). The correlation was signifi- 
cant (p < .04) despite the small sample size. 

In the first patient, two-dimensional FLASH images and MR 
angiography showed a patent portal vein, contrary to the 
original duplex sonography findings. The portal vein had re- 
duced signal intensity, suggesting low flow. MR angiography 
showed marked dilatation of the left gastric venous plexus, 


cm/sec 


20 





20 cmsec 


o 5 10 15 


Vmax (duplex sonography) 


Fig. 3.—Graph showing comparison of peak-velocity measurements 
assessed by MR bolus tracking vs duplex sonography (r = .35, p < .04, y 
= —0.9075 + 1.0762x). 
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TABLE 1: Flow Velocities (V) in the Portal Veins of Six Normal 
Volunteers 








MR Angiography Duplex Sonography? 
Subject No. Vmax + SD Vmax + SD 
(cm/sec) (cm/sec) 
1 22.9 + 1.4 20.2+ 2.6 
2 18.4 + 2.0 19.2 + 34 
3 17.0 + 0.4 158+ 64 
4 18.2 + 1.0 18.5+ 4.1 
5 15.6 + 0.6 145+ 50 
6 15.2411 16.5 + 10.2 
Mean values 179+28 175+ 22 





Note.—-Correlation coefficient = .846, r? = .716, p < .04. 
* Time-averaged peak velocity. 
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the superior and inferior mesenteric veins, and the left renal 
vein, the last findings suggesting splenorenal shunting (Figs. 
4A and 4B). MR angiography with dynamic bolus tracking 
showed reversed flow in the portal vein (Fig. 4C), with a 
calculated velocity of 6.6 cm/sec. Although duplex sonogra- 
phy showed reversed flow in the portal vein, the examination 
was technically difficult, and an adequate insonation angle 
could not be obtained for accurate measurement of velocity. 

In the second patient, a patent umbilical vein was shown 
weil in the sagittal MR angiogram, but was not appreciated 
prospectively in the individual two-dimensional FLASH images 
(Fig. 5). In the third patient, the anatomy of the portal venous 
system was shown well. Although dynamic bolus tracking 


Fig. 4.—Patient with cirrhosis and 
portal hypertension. Thrombosis of 
portal vein was suspected on initial du- 
plex sonographic examination. 

A, Coronal MR angiogram shows 
massive collaterals and splenorenal 
shunting. Note enlarged left renal vein 
(arrow). Main portal vein is obscured 
by overlapping aorta and inferior vena 
cava. 

B, MR angiogram created from same 
acquisition as A. However, slices con- 
taining upper abdominal portions of 
aorta and inferior vena cava were not 
included among images used for post- 
processing, thereby eliminating over- 
lap between portal vein and these 
structures. Angiogram shows a patent 
portal vein (straight solid arrow) and 
massive collaterals (open arrow). Note 
superior mesenteric vein (curved ar- 
row) and splenic vein (arrowhead). 

C, Dynamic bolus tracking. Oblique 
presaturation (black stripe) was posi- 
tioned just proximal to junction of right 
and left portal veins. Four time points 
are shown from top to bottom, as in Fig. 
2. Trailing edge of bolus (arrow) is seen 
to move away from liver, indicating re- 
versed flow. 
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was not available for this study, the combination of MR 
angiography with application of presaturation slabs over se- 
lected regions was able to show the normal flow direction in 
the main portal vein and flow reversal in the inferior mesenteric 
vein. MR angiography of the fourth patient showed extensive 
esophageal, gastric, and splenic varices. The portal vein was 
not visualized, consistent with occlusion. 


Discussion 


MR imaging with conventional spin-echo (SE) pulse se- 
quences has potential for evaluation of abdominal venous 
abnormalities [17, 18]. The portal venous system is an area 
of particular clinical interest. However, unlike duplex sonog- 
raphy and conventional angiography, conventional MR imag- 
ing methods cannot be used to evaluate the flow dynamics 
of the portal vein. The clinical application is, for the most part, 
restricted to showing patency of the portal vein and the 
presence of portosystemic shunts [19-23]. 

Currently, duplex sonography represents the best nonin- 
vasive technique for assessing portal venous blood flow [24]. 
However, there are several limitations. The intrahepatic portal 
venous racicles usually can be identified by duplex sonogra- 
phy, but patient habitus and the presence of ascites and 
meteorism may prevent adequate visualization of the main 
portal vein. The accuracy of flow-velocity measurements in 
the main portal vein may be compromised if the available 
acoustic window requires imaging at a large angle to the 
direction of flow. Furthermore, it is difficult to assess flow 
within the superior and inferior mesenteric veins, and collat- 
erals may not be seen. 

The direction of flow also can be determined with conven- 
tional or digital angiograms acquired after selective injection 
of contrast medium into the splenic artery or the mesenteric 
arteries (indirect portography). This method is currently the 





Fig. 5.—-Patient with cirrhosis and portal hypertension. Sagittal MR 
angiogram shows a patent umbilical vein (solid arrows) originating from 
left portal vein (open arrow) and extending anteriorly and inferiorly to 
abdominal wall. Abdominal wall venous collaterals also are shown (curved 
arrow). Only a small portion of main portal vein, seen end on (arrowhead), 
was encompassed in images used to create angiogram. 
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gold standard for evaluation of the portal system. However, 
it is invasive, and these patients are often at increased risk 
from coagulopathy, contrast-medium toxicity, and other fac- 
tors. Moreover, indirect portography can provide portal ve- 
nous pressures, but generally does not provide a direct 
measurement of portal flow, which is most likey the more 
clinically relevant physiologic parameter. The velocity can be 
determined more accurately by direct portographv with trans- 
hepatic catheterization [25]. 

Given these limitations, there is a clinical need for additional 
noninvasive means for assessing the portal vein. Our results 
suggest that MR angiography may prove useful in this appli- 
cation. Unlike MR images made by using SE techniques, MR 
angiography can show patterns of blood flow. Its use for 
evaluation of the portal venous system is promising because 
portal flow in most patients is relatively stable, obviating 
cardiac gating. Also, the velocity of flow is relatively low. This 
differs from the rapid, turbulent flow in diseased arteries, 
which causes incoherent phase shifts and nonrecoverable 
loss of signal. Until recently, respiratory motion precluded the 
use of MR angiography in the abdomen. However, this prob- 
lem has been overcome by acquiring a series of oreath-hold, 
flow-sensitive images and postprocessing them to generate 
a projection angiogram [11]. 

The flow-velocity quantification method used in this study 
differs from previously described approaches [14] in the use 
of postprocessing techniques to create a projection angio- 
gram. As a result, a tagged bolus can be tracked over several 
centimeters even though the vessel courses thrcugh several 
slices. Moreover, as cardiac gating is not required, flow 
quantification is achieved rapidly, within a few breath-hold 
intervals. Instead of using a time-of-flight method to quantify 
flow, phase-imaging techniques could have been used. How- 
ever, we found that the dynamic bolus-tracking technique 
provides a more pleasing visual display of flow patterns. When 
the angiographic images representing the four time points are 
played in rapid cine mode, a direct visual representation of 
portal flow is obtained, similar to a contrast cineangiogram. 
Another potential use of bolus tracking is to distinguish slow 
flow from thrombosis (Fig. 4C). This may not always be 
feasible with standard gradient-echo methods, because slow 
in-plane flow may fail to produce significant flow-related en- 
hancement. 

The breath-hold intervals used in this study for dynamic 
bolus tracking are probably excessive for some patients, in 
which case a shorter TR could be used with fewer readout 
periods after each excitation. The technique also may prove 
unsatisfactory for flow-velocity quantification ir occasional 
patients with highly pulsatile portal venous blood flow. In 
these patients, cardiac gating is needed for best results. 

In conclusion, our study indicates that MR angiography, 
enhanced by dynamic bolus-tracking methods, can be used 
to show portal venous anatomy and flow direction, and to 
quantify flow velocity in patients with normal and compro- 
mised portal venous blood flow. Moreover, varices and sple- 
norenal shunting are readily shown. MR angiography also 
may prove useful for determining portal, splenic, oy mesenteric 
vein thrombosis and shunt patency. 
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Case Report 





Idiopathic Cecal Ulcer: CT Findings 


Charles S. Marn,’ Bu-Fan B. Yu,' Timothy T. Nostrant,? and James H. Ellis’ 


Idiopathic cecal ulcer is an uncommon condition of solitary 
ulceration in the cecum or ascending colon, first described by 
Cruveilhier in 1832 [1]. The cause remains unclear. Definitive 
diagnosis is usually obtained by histologic evaluation of the 
surgical specimen. Preoperative clinical diagnosis is uncom- 
mon, requiring the exclusion of all known causes of cecal or 
ascending colon ulceration and mass, such as inflammatory 
bowel disease, neoplasm, appendicitis, tuberculosis, or ame- 
biasis [2-4]. Although difficult to obtain, an accurate preop- 
erative diagnosis would be beneficial in those patients without 
morbid features such as hemorrhage or perforation, because 
conservative management is possible [5]. 

The bariuna enema findings of this disease often mimic 
annular carcinoma [6, 7]. To our knowledge the CT findings 
have not been discussed before. Because CT scans are 
frequently obtained on patients with either acute or chronic 
gastrointestinal complaints, we wish to report the CT findings 
in two surgically proved examples of this disease. 


Case Report 


A 48-year-olc man presented with abdominal cramping, bloody 
stools, and weicht loss of 22 Ib. (10 kg). During a similar episode 5 
years earlier, barium studies of the colon and small bowel revealed 
distortion of the ileocecal valve and nodularity anc mild narrowing of 
the terminal ileum. Colonoscopy showed a large ulcer in the ileocecal 
valve. A presumptive diagnosis of inflammatory bowel disease (prob- 
ably Crohn disease) was made. Sulfasalazine was given with dramatic 





improvement, and the patient was asymptomatic until this recent 
episode. 

The patient was afebrile, with mild tenderness in the right lower 
quadrant. His hemoglobin was 13.1 g/100 mi, and his white count 
was 11,100/mm’, with a left shift. Stools were negative for blood, 
ova, and parasites. A small-bowel follow-through revealed mass 
effect at the ileocecal valve with a central, irregular barium collection 
(Fig. 1A). A CT scan showed asymmetric wall thickening throughout 
the iteocecal region and pericotonic stranding (Fig. 1B). Colonoscopy 
revealed a large cecal wall ulceration with asymmetric distortion of 
the cecum and ileocecal valve. Results of a biopsy of the ulcer were 
negative for granulomas or neoplasm. 

Because of worsening obstructive symptoms, an ileocecal resec- 
tion was performed. A 4-cm ileocecal ulcer was evident, with chronic 
inflammatory changes (Fig. 1C). The diagnosis of idiopathic cecal 
ulcer was made; the patient remains well after 2 years of follow-up. 


Discussion 


Idiopathic cecal ulcer is an uncommon condition of un- 
known cause. It varies markedly in clinical presentation and 
course. The natural history of the disease is poorly under- 
stood because clinical signs, symptoms, and imaging char- 
acteristics frequently raise the possibility of cancer or appen- 
dicitis, and the correct diagnosis is made only after surgical 
resection. However, three cases diagnosed without surgery 
and treated conservatively have been reported recently [5]. 

The pathogenesis of this disorder has been the subject of 
considerable discussion and speculation. Although solitary, 
nonspecific ulcers can occur anywhere in the colon, they are 
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A Pe ia 


Fig. 1.—idiopathic cecal ulcer in a 48-year-old man. 


c 


A, Small-bowel examination shows a lobular soft-tissue mass centered at ileocecal valve (arrows) with a central irregular barium collection representing 


ulceration. 


B, Four CT images of right lower quadrant show marked lobular soft-tissue thickening of medial portion of cecum. Pericotonic stranding is evident. 
C, Surgical specimen is shown with cecum and terminal ileum (Tl) opened. An irregular, deep ulcer (arrows) lined with granulation tissue at its base is 
evident. inflamed mucosa forms adjacent inflammatory pseudopolyps (asterisks) covering much of ileocecal valve. 





Fig. 2.—Second patient with idiopathic cecal ulcer. Contiguous CT 
images of cecum and terminal ileum show diffuse homogeneous wall 
thickening and pericolonic stranding. 


most common in the cecum and ascending colon [3, 4]. 
Hence, colonic irritation by small-bowel contents has been 
raised as a possible mechanism [2, 4]. Vasculitis or ischemia 
have been suggested as contributing factors, but this idea 
has not been confirmed [2]. Drug therapy, including antiinflam- 
matory agents, steroids, or enteric-coated potassium tablets, 
has been implicated in some cases [2, 4]. As with other 
gastrointestinal ulcerations, multiple causes are possible. 
The radiographic evaluation of idiopathic cecal ulcer by 
barium studies has been reported [6]. When a barium enema 
is performed, approximately 75% of cases show some ab- 
normality. However, the ulcer crater itself is infrequently seen. 


More commonly, a range of nonspecific features is evident, 
including segmental narrowing with or without a shelflike 
defect, spasm and incompiete filling of the involved segment, 
and mucosal irregularity. Annular lesions have been de- 
scribed, and the incorrect preoperative diagnosis of malig- 
nancy is often made. Mesenteric angiography is useful for 
localizing the site of active bleeding, but this disorder has no 
specific angiographic features. Intraarterial infusion of vaso- 
pressin frequently controls bleeding [7]. 

The last decade has seen a dramatic increase in the use of 
CT for bowel-wall abnormalities. The CT findings of inflam- 
matory bowel disease, infection, carcinoma, and lymphoma 
have been discussed [8]. Our limited experience with CT of 
idiopathic cecal ulcer shows nonspecific findings. Along with 
the case presented, we have found one other CT study of 
this type of lesion from our institution (Fig. 2). This case has 
somewhat different features, with more diffuse wall thickening 
of the cecum and involvement of the terminal ileum, whereas 
the reported case (Fig. 1B) had more mass effect at the 
ileocecal valve. Bowel-wall thickening with homogeneous at- 
tenuation was evident in both patients. In one case, this 
abnormality was circumferential and involved a significant 
portion of the terminal ileum. The other case showed asym- 
metric involvement, with a polypoid mass effect at the ileoce- 
cal valve. Both cases showed some degree of stranding in 
pericolonic fat. None of these findings suggests a specific 
diagnosis. 

Therapy is dictated by both the clinical presentation and 
the gravity of the major differential diagnostic considerations 
[2-5]. In the setting of gastrointestinal hemorrhage, perfora- 
tion, or abscess formation, immediate surgical management 
is dictated by the seriousness of the patient's acute illness. 
In more indolent cases, imaging characteristics and endo- 
scopic findings may raise the possibility of malignancy and 
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provide impetus for surgical exploration. A limited nonsurgical 
experience with three patients has been reported recently 
and raises the possibility of nonsurgical management [5]. 
However, conservative management is based on the pre- 
sumption that colonossopic biopsies that reveal only inflam- 
matory celis are indeed representative of the entire mass 
invalving the cecum. These patients obviously require close 
clinical follow-up, including repeated examinations at times 
when no symptoms are present. 
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Renal Imaging in Long-term 
Dialysis Patients: A Comparison of CT 
and Sonography 





Patients undergoing long-term dialysis are subject to cyst formation, hemorrhage, 
and neoplasia in their native kidneys. Detection of these complications with incremental 
dynamic CT and detection with sonography were compared prospectively in 41 patients 
(79 kidneys) who had been undergoing dialysis intermittently for 3 or more years. 
Acquired cystic kidney disease (five or more cysts per kidney) was identified in 59% of 
kidneys by use of CT and in 18% by use of sonography. CT showed a complete renal 
contour definition in all cases, sonography did so in only 57%. Three solid renal tumors 
(2- to 4-cm diameter) were identified with both techniques with no false-negative 
evaluations. Four benign hemorrhagic cysts were identified with combined CT (hyper- 
dense mass) and sonography (benign cysts). CT provided the best anatomic image 
quality and was more accurate for detection of acquired cystic kidney disease. CT and 
sonography were equivalent for detection of solid tumors. 

Our results suggest that dynamic contrast-enhanced CT scanning with the supple- 
mental use of sonography is the best imaging regimen for the evaluation of suspected 
acquired cystic kidney disease and its potential complications. 
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Acquired cystic kidney disease refers to the development of cysts in the failing 
kidney. Although Simon first described the association of cysts with end-stage 
renal disease in 1847 [1], it was not until 1977 that the concept of acquired cystic 
kidney disease was formalized by Dunnill et al. [2]. Acquired cystic kidney disease, 
with its potential complications of hemorrhage and neoplasia, is of growing concern 
in the expanding population of patients undergoing dialysis. Imaging has become 
a valuable, although inexact tool for initial evaluation and sequential studies of 
native kidneys in this population. 

Other authors have described the CT and sonographic findings in acquired cystic 
kidney disease [3-7]. In some cases, the author has attempted to compare the 
diagnostic accuracies of these two imaging techniques [4, 6, 8]. We report the 
results of a prospective comparison of CT and sonography, using state-of-the-art 
equipment and techniques, in patients at risk for acquired cystic kidney disease. 


Subjects and Methods 


Forty-one patients (20 men, 21 women; age range, 18-75 years) with end-stage renal 
disease of various causes were included in the study. Forty patients had been treated with 
maintenance hemodialysis or peritoneal dialysis for 3 years or more; one patient, previously 
treated with dialysis for more than 3 years, had a functioning renal transplant. These 41 
patients had a total of 79 native kidneys. CT and sonography generally were performed on 
the same day or within 1 week of each other. 

CT scans were made with 1-cm sections at 1-cm intervals, both before and after contrast 
administration. An incremental dynamic scanning technique was used after bolus administra- 
tion of 100 mi of 60% ionic contrast material. Five-millimeter sections were used at the 
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discretion of the radiologist monitoring the examination. in five pa- 
tients, only unenhanced CT studies were performed. A GE CT 9800 
(GE Medical Systems, Milwaukee, WI) was used for 36 examinations 
and a GE CT 8800 for five examinations. Sonography was performed 
with a GE R/T 3600 (36 patients) or an Acuson 128 (Mountain View, 
CA) (five patients) with both 3.5- and 5.0-MHz transducers. Images 
were acquired in the coronal, sagittal, and axial planes. 

Both the CT and sonographic studies were evaluated indepen- 
dently by three radiologists. Identification of patients was removed 
from ali images. Each study was evaluated for presence and degree 
of acquired cystic kidney disease, definition of renal contour, and 
presence of a solid renal mass. Renal cystic changes, when present, 
were graded as follows: grade 0 = no cysts, grade 1 = fewer than 
five cysts, grade 2 = five to 10 cysts, grade 3 = 11-15 cysts, grade 
4 = more than 15 cysts/kidney. This grading scale is modified from 
that originally proposed by Thomson et al. [9]. Acquired cystic kidney 
disease was defined as five or more cysts per kidney. Definition of 
renal contour was characterized as follows: grade 0 = complete renal 
contour shown, grade 1 = partial loss of renal contour, grade 2 = 
complete loss of renal contour. 

CT scans made before and after contrast administration were 
compared for anatomic definition and lesion conspicuity. 


Results 
Identification of Cystic Change 


Each technique showed an equal grade of cystic change in 
27 (34%) of 79 kidneys. CT showed a higher grade in 52 
(66%) of 79 kidneys. 

in evaluation for acquired cystic kidney disease, sonogra- 
phy showed only 29% of cases shown by CT. There were no 
false-positive sonographic diagnoses of acquired cystic kid- 
ney disease. The prevalence of acquired cystic kidney disease 
was 59% as determined by CT, and was 18% as determined 
by sonography. 


Renal Contour Definition 


All CT studies were classified as grade 0 (complete renal 
contour definition). The scores assigned to sonographic ex- 
aminations were 57% grade 0 (complete renal contour defi- 
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nition); 32% grade 1 {incomplete renal contour definition); and 
11% grade 2 (total loss of renal contour definition). 


Detection of Renal Mass Lesions 


Evidence of a renal mass lesion was seen with one or both 
techniques in nine patients. In three patients, solid renal 
masses that varied in size from 2.0 x 2.5 cm to 3.0 x 4.0 cm 
were shown by both imaging techniques (Fig. 1). All three 
lesions were later confirmed to be primary malignant tumors 
by biopsy or nephrectomy. In a fourth patient, two contiguous 
hyperdense masses, each less than 1 cm in diameter, were 
seen on precontrast CT scans and had appearances typical 
for benign renal cysts on sonograms. At subsequent nephrec- 
tomy, these lesions were described as retention cysts. In 
three other patients, small hyperdense masses were shown 
on precontrast CT scans, whereas sonograms showed typical 
benign renal cysts. These cases are considered typical hy- 
perdense hemorrhagic renal cysts. In one patient, a 1.5-cm 
mass was questioned on sonography because of a poorly 
defined back wall. CT findings were consistent with a simple 
renal cyst. No cyst puncture or biopsy was performed. In one 
patient, sonography suggested a solid renal mass, whereas 
CT findings were consistent with focal hypertrophy in a zone 
of kidney tissue that enhanced homageneously after admin- 
istration of contrast material. 

Of 36 patients who had precontrast and postcontrast CT 
studies, the postcontrast examination was judged superior in 
28 (80%). 


Discussion 


Since the article by Dunnill et al. in 1977 [2], many radio- 
graphic imaging surveys for acquired cystic kidney disease 
and its complications have been reported [3, 4, 6, 7, 10-12]. 
Various authors have suggested sonography alone [11, 13], 
sonography and CT [4, 14], or CT alone [7, 10, 12, 15] as 
the appropriate technique for monitoring patients. Other au- 
thors have suggested that either imaging technique is suitable 
[16]. In this study, state-of-the-art sonographic and CT equip- 


Fig. 1.—Patient with transitional cell carci- 
noma. 

A, CT scan through native kidneys shows 
solid mass (arrows) in left kidney. 

B, Longitudinal sonogram shows mass (ar- 
rowheads) in this small, echogenic kidney (ar- 
rows). A small cystis seen just cephalad to mass 
with a hypoechoic renal pyramid caudally. 
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ment and technique were used to determine the strengths 
and weaknesses of each for evaluating patients at risk for 
acquired cystic kidney disease and its complications. 

Contrast-enhanced CT produced the better resolution of 
renal contour and gradiag of acquired cystic kidney disease 
changes in patients withend-stage renal disease. The fibrotic, 
shrunken kidney seen in patients with end-stage renal disease 
is difficult to image sonegraphically. The kidney itself, as well 
as the fat and bowel that could fill in the renal bed, adds to 
the difficulty in imaging. These topographic changes do not 
affect CT imaging. 

Contrasi-enhanced GT, with a thin-section technique, 
shows greater resolution than sonography; it can resolve 
cysts as small as 0.3 cm [6]. Cysts less than 1 cm are difficult 
to resolve sonographically. The difference in resolution is 
important, considering that most cysts in acquired cystic 
kidney disease are 5 mm or less [17]. This difference is 
reflected im the prevalence of acquired cystic kidney disease 
shown by CT at 59% compared with a prevalence of only 
18% shown by sonography. CT also was able to show a 
higher grade of cystic change in two thirds of the cases. 
Although ase of CT as ‘he gold standard creates an inherent 
bias, the cifferences in ‘hese results are substantial. 

The definition of cystic change is not only of academic 
interest. The complications of neoplasia and hemorrhage are 
associated with acquired cystic kidney disease and, therefore 
cyst development is anamportant clinical marker [10, 15, 18]. 

We believe that IV contrast enhancement is an integral part 
of the CT scanning technique. Contrast enhancement was 
judged useful in 80% cř the CT examinations in which it was 
used. The incremental dynamic scanning technique uses con- 
trast material circulating in renal capillaries to provide a tissue 
“signature.” This enhancement helps define small cysts, is 
useful in defining solid masses, and helps to distinguish focal 
hypertrophy from solidwmasses. 

Patients with end-stage renal disease with normal cardio- 
vascular function can andergo this bolus-enhanced dynamic 
scanning technique without risk of fluid overload. In our series, 
bolus injections of contrast material were given without regard 
to the subsequent timing of dialysis treatments. 

Sonography was Clearly inferior to CT for evaluating con- 
tour definition and greding acquired cystic kidney disease. 
However, it is useful fer evaluating focal hyperdense masses 
seen on precontrast CT scans. in our series, four hyperdense 
masses were characterized as hemorrhagic simple cysts on 
the basis of sonograpBic and CT correlation. 

Because of the potentially life-threatening complications of 
hemorrhage or neoplasm in acquired cystic kidney disease, 
nearly all authors suggest screening patients after 3 years of 
dialysis. Our data suggest that dynamic contrast-enhanced 
CT scanning with the supplemental use of sonography is the 
best imaging regimen. Subsequent progress-imaging studies 
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done yearly, or possibly every second year, seem appropriate, 
but long-term studies are needed to show the efficacy of this 
approach. The symptomatic patient with hematuria, flank 
pain, abdominal mass on physical examination, or an unex- 
plained drop in hematocrit warrants immediate study. 
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Commentary 





Imaging Studies for Screening Native Kidneys in Long-term 


Dialysis Patients 


Howard J. Mindell’ 


Since the classic paper in 1977 by Dunnill et al. [1], a 
substantial number of articles have been written concerning 
the complications of acquired cystic kidney disease and solid 
neoplasms developing in the native kidneys of patients 
undergoing long-term hemodialysis or peritoneal dialysis. Pa- 
tients undergoing renal transplantation also may be so af- 
fected, but are far less at risk. From animal experiments and 
human specimen dissections, consensus has emerged that 
dialysis fails to clear unknown bioactive substance(s), possibly 
polyamines [2], which exert renotropic or mitogenic effects 
on the native kidneys, inducing smooth muscle [3], glomeru- 
lar, or tubular proliferative processes [4]. Cysts, lined by low 
cuboidal or columnar epithelium, are thought to develop as 
fusiform dilatations of the proximal tubules [5]. Solid neo- 
plasms, mostly adenomas, but in some instances carcinomas, 
may occur also, almost always superimposed on antecedent 
acquired kidney disease, and arising in some cases from 
papillary projections off of cyst wails [6]. 

The risk of these complications is related to the duration of 
long-term dialysis. Acquired cystic kidney disease has a prev- 
alence of up to 90% of patients after 3 years of long-term 
dialysis [7]. The solid neoplasms are reported in varying 
numbers, 7% in the largest available survey [5]. Several 
reports describe the use of imaging studies in long-term 
dialysis patients and suggest a variety of management 
schemes to screen or monitor the status of long-term dialysis 
patients’ native kidneys. Recommendations have included the 
use of baseline studies right after the start of dialysis [6], 


sonography, CT, or both sonography and CT [7]; the use of 
MR imaging [7] and even prophylactic native-kidney nephrec- 
tomy [8] has been considered worth evaluating. The report 
of Taylor et al. [9] in this issue of AJR, however, is only the 
second blinded prospective study comparing the efficacy of 
CT and sonography in this setting and is the first to use 
systematically both sonography and CT in all patients studied. 
Taylor et al. [9] clearly show CT is better than sonography 
(59% to 18%) for detecting acquired cystic kidney disease in 
long-term dialysis patients. Undoubtedly, CT has some margin 
of superiority over sonography in detecting the small solid 
renal masses as well, but unfortunately actual data, either 
from the literature or from this study, are lacking. In the earlier 
blinded series [7], only one patient had renal cell carcinoma, 
and the three small renal cell carcinomas in the study of Taylor 
et al. [9] (7% of 41 patients) were identified by both sonog- 
raphy and CT. Furthermore, Taylor et al. [9] found four 
hyperdense (CT) masses, shown to be hemorrhagic cysts on 
sonography, that might have been false-positive for tumor if 
CT alone had been used. A recent comprehensive blinded 
Study [10], albeit in normal-sized and functioning kidneys, 
compared sonography, CT, and urography with tomography 
in detecting small renal masses (<3 cm). CT was used as the 
gold standard, but sonography showed 82% of lesions 2-3 
cm in size, 85% of lesions larger than 3 cm, and was com- 
parable to urography with tomography. 

Should routine screening imaging studies be done on long- 
term dialysis patients? If so, is CT, as suggested by Taylor et 
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al. [9], the method of choice, with annual examinations in all 
patients after 3 years of dialysis? To address these questions, 
one must first consider the medical and socioeconomic milieu 
of long-term dialysis patients and, second, the clinical signifi- 
cance of either acquired cystic kidney disease or the solid 
renal masses that might be so detected. 

The near'y 100,000 ‘©. Hill, personal communication) pa- 
tients in the United States requiring long-term dialysis have a 
mean age cf over 55 years [11] and 5- and 10-year survival 
rates of 45% and 25%, respectively [12]. The medical com- 
plications of long-term dialysis fill an entire page, in small print, 
in Harrisoa’s Principles of Internal Medicine [11]; these pa- 
tients have an impaired quality of life, with limited mobility, 
but where medical procedures are commonplace. The actual 
cost of long-term dialysis is $26,000 per year (C. Hill, personal 
communication), and ancillary medical costs may add an 
additional $20,000. The long-term dialysis program is funded 
by Medicare at an annual cost of $2 billion (C. Hill, personal 
communication). 

As acquired cystic kidney disease occurs in up to 90% of 
long-term dialysis patients, its presence may be inferred after 
3 years of dialysis without any imaging study at all. In any 
case, acquired cystic kidney disease by itself is of no clinical 
significance. To be sure, calculi, infection, or hemorrhage may 
develop in patients wita the disease, but the mere diagnosis 
of acquirec cystic kidney disease requires no specific treat- 
ment plar-—these patients are under close medical supervi- 
sion, and complications may be dealt with as they arise. 

Solid renal masses develop with a prevalence of 7% (43 of 
601 patients, multiple series review) [5] in long-term dialysis 
patients, but most are benign adenomas. The actual incidence 
of renal cel! carcinoma is impossible to determine accurately, 
given the similar renal tubular histogenesis of adenoma and 
carcinoma. The natura! history of these small tumors is un- 
known. Fatcliffe et al. [13], for instance, stated that their 
“malignant potential is. uncertain,” and Levine et al. [6] ob- 
served that the high frequency with which small, single or 
multiple renal tumors are found at autopsy in long-term di- 
alysis patients “suggests that most remain quiescent.” What 
is known, however, is that only two of 601 patients reported 
in a review of 14 long-term dialysis series [5] developed 
metastatic renal cancer, for a prevalence of 0.33%, which is 
equal to that of the general population. The dilemma posed 
by these small tumors. is best illustrated by the proposa: [5] 
of one group to use a screening CT protocol to find the 
lesions but then to avaid resection of the tumors, but simply 
use CT follow-up and intervention only if tumor growth is 
seen. 

Gardner [14] suggested that questions regarding screening 
native kicneys of long-term dialysis patients cannot be an- 
swered until more data are made available by End-Stage 
Renal. Disease Networks and the Health Care Financing Ad- 
ministration. The work dy Taylor et al. [9], a carefully designed 
and executed study, should be given serious attention, but it 
does not provide the Kind of “outcome” data necessary to 
formulate policy. Annual CT screening of all long-term dialysis 
patients after 3 years would add $30 million (60,000 patients 
at $500 per CT examination) to the existing Medicare budget, 


RENAL IMAGING IN LONG-TERM DIALYSIS PATIENTS 769 


as well as subjecting a population of fragile patients to the 
inconvenience of the studies, and the at-least small risk 
attendant to use of IV contrast mecium (CT) in the face of 
chronic renal failure. Obviously, performing nephrectomies for 
the solid tumors identified would give incremental additional 
monetary costs as well as increased morbidity and mortality 
rates from the surgery. All of this provides no proved or clear 
improvement in actual outcome for long-term dialysis patients. 
The work of Taylor et al. [9] certainly shows that when long- 
term dialysis patients develop signs cr symptoms referable to 
their native kidneys, CT is the imaging method of choice. 
Sonography is comparable to urography with tomography in 
normal-sized kidneys for detecting small renal masses [10], 
82% as sensitive as CT for masses between 2 and 3 cm in 
size [10], and equal to CT for the three small carcinomas in 
the Taylor et al. [9] study. Inexpensive, easily available, with 
no requirement for IV contrast medium, sonography is most 
likely the only practical, affordable method to consider for 
screening 60,000 long-term dialysis patients annually. Even 
so, “outcome” studies clearly are needed before sonography 
should be mobilized across the board for this huge population 
of patients. 
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In Vivo MR Spectroscopic Imaging 
of the Adrenal Glands: Distinction 
Between Adenomas and Carcinomas 
Larger than 15 mm Based on Lipid Content 





The usefulness of MR spectroscopic imaging for discriminating between lipid and 
water was applied to the in vivo differentiation of adrenal adenomas from carcinomas. 
By using the Dixon sequence in 20 patients, the lipid content of 22 adrenal tumors larger 
than 15 mm was determined. The mean percentage of lipid in 15 adenomas was 13.4% 
(standard deviation, 8%), compared with 3.5% lipid (standard deviation, 2%) in seven 
carcinomas. Only one lesion would have been misclassified on the basis of in vivo 
measurements of lipid content. After surgery, in vitro MR spectroscopy was used to 
determine the percentage of lipid in excised samples of nine of the 22 tumors. These in 
vitro measurements confirmed the in vivo results on lesions larger than 20 mm in 
diameter. Respiratory artifacts appeared to decrease the accuracy of in vive measure- 
ments in smaller lesions. 

In vivo MR spectroscopic imaging of adrenal tumors appears to be useful for differ- 
entiating between adrenal carcinomas and adenomas. 
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in addition to anatomic definition of the adrenal glands [1-3], MR imaging 
provides some information about the biochemistry of adrenal lesions. However, the 
signal intensities of different types of lesions overlap on conventional T1- and T2- 
weighted spin-echo images [4-6], so that a specific diagnosis often is impossible. 

We have shown in vitro, by using MR proton spectroscopy, that adrenal cortical 
lesions (hyperplasia, adenoma, and adrenal carcinoma) differ in their lipid contents 
[7]. The mean value observed in adenomas and hyperplasias was 17%, whereas 
it was 1.5% in adrenal carcinomas. The aim of this study is to determine if this 
distinction can be made with in vivo MR spectroscopic imaging and then to 
determine if the in vivo estimation of the percentage of lipid in adrenal tumors 
correlates with the in vitro measurements made on excised samples of the tumors 
after surgery. 


Subjects and Methods 


By using a spectroscopic MR imaging sequence in vivo, we measured the lipid content of 
22 adrenal lesions with diameters larger than 15 mm in 20 patients (six men, 14 women). 
Ages of patients ranged from 21 to 69 years (mean, 49 years). There were 15 benign 
adenomas (seven producing cortisol, three producing aldosterone, five nonfunctioning) and 
seven adrenal carcinomas (three producing cortisol). The mean diameter of the adenomas 
was 25 mm. The mean diameter of the carcinomas was 80 mm. The lesions were corfirmed 
pathologically in all cases. In nine patients who underwent surgery after the spectroscopic 
MR examination {seven with adenomas, two with carcinomas), the in vivo measurements 
were compared with spectroscopic in vitro measurements on excised samples. 

MR examinations were performed at 1.5 T on a GE Signa system at the Centre Inter- 
Etablissement de Résonance Magnétique (Hopital de Bicétre, Bicétre, France). In most cases, 
a rectangular surface coil (27 x 20 cm) was used. Standard T1-weighted images, 500/20 
(TR/TE), and either 1500/30-60 or asymmetric 2000/20-75 images were made in axial and 
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frontal planes. When an adrenal mass larger than 15 mm in diameter 
was observed, its lipid content was determined by using a spectro- 
scopic imaging sequence. We used a slightly modified version of the 
sequence published by Dixon [8]. In the original sequence, the 180° 
refocusing pulse was applied at (TE — 7)/2 instead of TE/2. The two 
abundant chemical species, water and lipid protons, whose resonant 
frequencies differ by Af (220 Hz), were refocused in the transverse 
plane at TE — 7 and then dephased at the acquisition center TE by 
the angle Ad = 2 r x Af x 7. This angle was set at a value of 180° 
by choosing an appropriate value for the time interval 7. In the 
modified sequence, the refocusing pulse was not shifted; instead, the 
acquisition and its readout gradient were delayed by the time 7 
needed to dephase water and lipids after the normal echo time (TE). 
These two sequences presented only minor differences for T1- and 
T2-weighting of signals [9]. 

The values of TR, TE, and the time delay 7 were determined from 
measurements on test media with known amounts of lipids. We used 
a sequence where TR = 2000 msec, a single echo at TE = 20 msec, 
and r = 2.5 msec. 

The lipid content of a region of interest (RO!) was measured as 
follows. A standard spin-echo sequence in which water and lipid 
magnetizations were added was obtained, giving the mean signal of 
the ROI, S1. Then the Dixon sequence in which water and lipid 
magnetizations were opposed was obtained with identical amplifica- 
tion factors (S2 being the mean signal of the same ROI). The ratio 
100 x (S1 — S2)/(2 x S1) gave the lipid percentage of that ROI. 

Because we measured the absolute value of magnetization and 
lost the sign of the difference between water and fat, this ratio was 
equal to an effective percentage of lipid, G’, when lipids were less 
abundant than water; it was equal to 100 — G’ if lipids were more 
abundant than water. This effective lipid percentage (G’) differed from 
the real lipid content (G) mostly because of the effect of relaxation- 
time weighting [10]. The systematic error G’ — G was calculated to 
be less than 5% for this data set [9]. Figure 1 shows images obtained 
with the standard and the Dixon sequences. These two image 
acquisitions lasted 9 min each. Care was taken to keep the patient 
motionless during this time. Measurements were made of ROIs of 
0.3-1 cm?, depending on lesion size. As motion through the selected 
plane and chemical-shift artifact were two important causes of error, 
the position of the ROI was critical to the validity of the evaluation of 
the lipid percentage. The number of measurements done inside a 
given lesion was related to the size of the lesion. The average of 
these measurements was taken as representative of the lipid content 
of the lesion. 
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Fig. 1.—A and B, Standard spin-echo (A) and 
modified Dixon sequence (8) MR images (2000/ 
20) in a patient with a 25-mm-diameter left ad- 
renal adenoma (arrow). Lipid content of tumor 
measured by using these two images was 14%. 
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Fig. 2.—in vivo measurement of lipid content of adrenal lesions: histo- 
gram of values obtained in 22 lesions, including seven adrenal carcinomas 
and 15 benign adenomas. Arrows indicate mean values in each class of 
lesions. 


Results 


Results of the in vivo measurements for the 22 tumors are 
plotted in Figure 2. The two populations of tumors are clearly 
different, as confirmed by the mean values: 13.4% (standard 
deviation, 8%) for the 15 adenomas and 3.5% (standard 
deviation, 2%) for the seven carcinomas. This difference is 
quantified by an unpaired Student’s t test (p = .004). 

In vitro and in vivo MR spectroscopic measurements are 
compared in Figure 3. Discordances are observed in three of 
the five tumors with diameters less than or equal to 20 mm 
(plotted as open circles). 


Discussion 


The results of the in vivo measurements confirmed that the 
lipid percentage is significantly lower in carcinomas than in 
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Fig. 3.—in vitro postoperative control of lipid content measured in vivo 
by MR. Averages of measurements on each lesion by two techniques are 
compared. (open circles = lesions with diameters less than or equal to 20 
mm; solid circies = larger lesions) Correlation between in vivo and in vitro 
measurements is good for iarger lesions and two of smaller lesions in 
which difference between in vitro and in vivo results is less than 5%. In 
three smail lesions, important deviations are observed between in vivo 
and in vitro values. 


adenomas. Only one adenoma had a lipid content lower than 
7%, which overlapped with the carcinomas values. The pro- 
portion of incorrectly ciassified lesions was equal to 4%. In 
vitro and in vivo measurements correlated well for tumors 
larger than 20 mm. Discordances for smaller tumors are 
probably caused by the motion artifact (motion of the lesion 
during the respiratory cycle) and by the chemical-shift artifact 
(displacement of water vs fat image). These artifacts are more 
important at the border of the lesion and thus affect the 
accuracy for small lesions more. This is clearly shown in 
Figure 3. 

As the number of lesions we could measure in vitro after 
surgery was low, we compared the in vivo distributions of 
lipid content of adenomas and carcinomas to the correspond- 
ing distributions obtained in vitro in this and earlier studies 
(Table 1) [7]. An unpaired Student's t test showed no signifi- 
cant difference between the mean lipid content in vivo and in 
vitro of adenomas (p = .29) and of carcinomas (p = .08). 

in clinical practice, it is difficult to identify nonfunctioning 
adrenal masses. It is commonly accepted [11] that adrenal 
masses larger than 50mm are malignant. This size criterion, 
although effective for our small number of patients with malig- 
nant lesions, is not always sufficient. In a series of 35 carci- 
nomas [12], five had a diameter under 25 mm. Although, as 
stated by Bernardino [13], systematic biopsy is the safest 
procedure in cancer workup, a less invasive approach may 
be preferable in other patients with incidentally found adrenal 
masses. 

Several MR methods have been proposed to discriminate 
nonfunctioning lesions from adrenal metastases on the basis 
of T2 differences [4], T1 differences [5], or both [6]. These 
methods currently shew overlaps of 21-31% [4] and 31% 
[5]. We have shown in vitro a nearly complete overlap be- 
tween T1-weighted images of water in adenomas and carci- 


TABLE 1: Mean Lipid Content of Lesions Measured in Vitro and 
in Vivo 


In Vitro Lesions in Vivo Lesions 








Lesion a ee ~ 
Number % Lipid Number % Lipid 
Adrenal carcinoma 9 15+2 7 $522 
Benign adenoma 15 16.4 + 7.8 15 13.48 


| RE IES IEEE SPORE EEEE ETE ERD ETER EAEE REEE EE AEDA EASE 
Note.—Lipid percentages are mean + standard deviation. 


nomas [7]. The indexes drawn from T1-weighted images, 
however, are more discriminant probably because of the short 
T1 of lipid protons contributing to adenoma signals. However, 
relaxation times are complex parameters, and the presence 
or absence of lipids in adrenal tissue is conceptually a better 
index of its benign or malignant characteristics. MR spectro- 
scopic sequences, which alter the contrast between parts of 
organs where the lipid content is modified by disease, can be 
used to measure this lipid content. We think that adrenal 
masses larger than 20 mm can be considered benign if the 
lipid content measured with this technique is more than 10%. 
Further studies are needed to improve this technique and to 
apply it to smaller lesions. 

in conciusion, in vivo MR spectroscopic imaging appears 
to be useful for distinguishing between adrenal carcinomas 
and adenomas. We now must test its application to the more 
frequent problem of distinguishing between metastases and 
incidentally discovered adenomas, because und fferentiated 
metastatic tissue should contain no lipids. 
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Memorial 





Chalmer S. “Bud” Wheeler, 1934-1988 





For those who knew and cared for him so 
much, the life of Bud Wheeler came and went 
far too quickly. Bud was one of those mem- 
orable people whose powerful and flamboy- 
ant personality left no room for neutrality. 
Above all else, he was an individual who gave 
to others far more than he was ever able to 
receive for himself. 


Bud and his twin sister, Diane, were born 
in Lexington, KY, in 1934. After moving to 
Louisville when he was 13 years old, he 
graduated from Eastern High and the Univer- 
sity of Louisville Medical School. Internship 
was followed by a tour of duty in Vietnam, 
where he was decorated for heroism and 
expended considerable effort on behalf of 
Vietnamese orphans and civilians in his off- 
duty hours. Bud returned to Louisville for his 
residency and was an assistant professor at 
the University of Louisville from 1970 to 
1975. He was in private practice at the Jew- 
ish Hospital from 1975 until his death. 

Bud introduced angiography to Kentucky. 
Despite his having lost two fingers in a child- 
hood explosion, he was known for his dex- 
terity and phenomenal swiftness in perform- 
ing his procedures. Many of the angiogra- 
phers in Kentucky today were trained by him, 
and he remained the primary source of ref- 
erence in Louisville for many years. 

Bud had wanted to become a physician 
since childhood. He fulfilled his wish with all 
the dedication and thoughtfulness that could 
be hoped for from any person. in addition to 
his expertise in angiography, he was an out- 


standing general radiologist and consultant 
for any medical problem related to radiology. 
He also had the well-known capacity to put 
out a great amount of work. 

Bud's most memorable attributes were his 
dedication and caring for each individual pa- 
tient. More than any other physician | have 
known, he was able to create intimate con- 
tact that seemed to make the patient feel 
that the two of them were undergoing the 
procedure together. Most people do not re- 
member their angiographer 5 years later. His 
patients frequently did, asking for him again 
and recounting his kindness. 

His favorite pastime was working on his 
“mini-farm” (as he called it)-—a beautiful place 
in the country were he planted many flowers 
and fruit trees and kept it like a park. In fact, 
some balloonists thought it was a park when 
they landed there once. 

A person of legendary generosity, who 
always put others before himself, Bud was 
immensely popular with his many, many 
friends. He is terribly missed. Bud is survived 
by his sister, Diane. 

George F. Drasin 
Kansas City, MO 64710 
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The Pars Infravaginalis 
Gubernaculi: Importance in the 
identification of the Undescended Testis 





The gubernaculum, a cordlike structure that extends from the testis to the scrotum 
and guides the testis in its descent, has a bulbous termination, the pars infravaginalis 
gubernaculi. We reviewed seven surgically proved cases in which the pars infravaginalis 
gubernaculi was mistaken for an undescended testis on imaging studies. The studies 
included sonography (five cases), CT (two cases), and MR imaging (two cases). identi- 
fication of the mediastinum testis on sonograms or MR images confirms that a structure 
is testis and not the pars infravaginalis gubernaculi. In two of these patients, testicular 
venography was used to further identify the undescended testis. In these two patients, 
the pampiniform plexus, which is used to identify the presence and position of testis, 
was located adjacent to the pars infravaginalis gubernaculi. 

Our experience indicates that the pars infravaginalis gubernaculi can be similar in 
appearance to the undescended testis on any imaging study. The finding of an apparent 
cord leading to a testislike structure on caudad sectional imaging does not obviate 
searching for the testis as far as the renal hila. 
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Good results have been reported on the use of sonography, CT, and MR imaging 
for the location of the testes or the demonstration of their absence in patients with 
undescended testes [1-5]. In the literature, the only false-positive studies for any 
sectional imaging technique were in two patients in our sonographic series [6]. We 
describe seven patients in whom the bulbous termination of the gubernaculum 
testis, the pars infravaginalis gubernaculi (PIG), was mistaken for the testis. 


Materials and Methods 


From 1976 to 1987 we performed imaging studies in approximately 60 patients for the 
detection and localization of undescended testes. Seven of these (age range, 4-32 years) 
had incorrect diagnoses on the basis of sonograms (five patients), CT scans (two patients), 
and MR images (two patients). Two of the sonographic studies were performed on cedicated 
high-resolution smail-parts equipment at both 10 and 8 MHz (Picker Microview) and three 
were performed on standard real-time equipment at 7.5 MHz. The CT studies were performed 
with IV contrast material on a GE 9800 scanner from the bottom of the scrotum to the renal 
hila, whether or not an apparent testis was identified. MR imaging was performed with a 1.5- 
T system (GE Signa). Coronal spin-echo (SE), 500/20 (TR/TE), and axial SE 2000/20, 80, 5- 
mm-thick sections with a 2.5-mm skip, a 128 x 256 matrix and two excitations were acquired 
through the same anatomic area covered by CT. Testicular venography was performed in 
two patients using a technique previously described [7]. Histologic sections ware obtained 
from three lesions that proved to be the PIG. 


Results 


Surgery in all seven cases with false-positive diagnoses of undescended testes 
on imaging studies disclosed that the structure located at the site of a predicted 
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testicle on imaging studies was the PIG. Histologic sections 
of the PIG from three patients were available for review. In 
one, the PIG consisted of a gelatinous hyaline material in 
which the vas deferens originated. In two cases the structure 
was fibrous. The epididymis was located contiguous to the 
gubernaculum in one of these three. In the other four cases 
the PIG was identified at surgery in the region of the apparent 
testicle but a biopsy was not done. 

Sonographically, the PIG was a hypoechoic mass in all five 
cases, and in each a cordlike structure of similar echogenicity 
led into it (Figs. 1B and 2). The PIG was less echogenic than 
the contralateral testis was in each instance. The mediastinum 
testis, which can be identified in the normally descended and 
in some undescended testes (Fig. 3), was not seen in any 
PIG. 

The PIG had a CT number similar to that of the unde- 
scended testis and the normally descended contralateral tes- 
tis (Fig. 1A). In one patient with a PIG shown on CT, a more 
craniad testis was identified on CT as well (Fig. 4). 

One of the two MR imaging examinations in this series 
showed a cordlike gubernaculum with a bulbous termination 
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in the high scrotum. It was isointense on T1-weighted and 
hypointense relative to the normal testis on T2-weighted 
scans. This structure represented the PIG. The testis, which 
was in the hilum of the pelvic kidney, was not identifiable on 
MR imaging, even in retrospect. The second MR scan showed 
a cordlike structure leading to a nubbin of tissue identified in 
the hemiscrotum on the side of the absent testis. This nubbin 
was of mixed signal intensity on T2-weighted images (Fig. 5). 
At surgery, the PIG and epididymis were located together in 
the scrotum. We assume that the low-signal portion of the 
nubbin on the T2-weighted images was the PIG and the high- 
signal area the epididymis. 

Testicular venography was performed in two patients. In 
one who was 6 years old, an apparent testicle was seen in 
the inguinal region on sonography. The venogram showed a 
pampiniform plexus on that side, which was in a similar 
location. At surgery there was no testis. The pampiniform 
plexus was located adjacent to the PIG. In the second patient 
two structures were seen on CT, one identified in the external 
iliac area and the second in the inguinal area (Fig. 4). The 
testicular venogram localized the pampiniform plexus in the 


Fig. 1.—Pars infravaginalis guber- 
naculi mimicking undescended testis in 
a 16-year-old boy with no paipable tes- 
tis in left hemiscrotum. 

A, CT scan through left inguinal re- 
gion shows a structure with appear- 
ance of atrophic testis (arrow). 

B, Sonogram through left inguinal 
region shows cordlike structure (ar- 
rows) leading to bulbous termination 
(G) in a location similar to that of the 
structure seen on CT. There are internal 
echoes within, but it lacks the bright 
white line representing mediastinum 
testis seen in most true undescended 
testes. At surgery, no testis was pre- 
sent in the region, but the pars infra- 
vaginalis gubernaculi was. 


Fig. 2.—Pars infravaginalis guber- 
naculi mimicking the testis on a longi- 
tudinal sonogram in a 6-year-old boy. 
A left inguinal structure (arrows) is 
identified that has internal echoes but 
not a mediastinum testis. This proved 
at surgery to be the pars infravaginalis 
gubernaculi. No testis was present on 
that side. 


Fig. 3.—Transverse sonogram 
through an undescended testis in in- 
guina! region in an 8-year-old boy. A 
bright white line (arrow) is seen ex- 
tending halfway across right testis, 
characteristic of mediastinum testis on 
transverse section. Mediastinum testis 
is shown as a single white line travers- 
ing entire length of testis in longitudinal 
plane. 


AJR:153, October 1989 


Fig. 4.—-Pars infravaginais guber- 
naculi and ipsilateral undescended tes- 
tis in a 29-year-old man with no palpa- 
ble testis in left hemiscrotum. 

A, Axial CT section through inguinal 
region shows spermatic core (arrow) 
that led to a testis on right. No sper- 
matic cord is present on left. 

B, More craniad section at level of 
symphysis pubis shows structure in left 
inguinal regier with appearance of 
atrophic testis (curved arrow). Note 
spermatic cord (straight arrow) on 
right. 

C, CT scan at level of external iliac 
region shows additional structure (ar- 
rows) on left that is larger than more 
caudad structure. Interpretation of CT 
scan was that more caudad structure 
was pars infrevaginalis gubernaculi 
and more craniad structure. unde- 
scended testis. 

D, Testicular venogram shows pam- 
piniform plexus (arrows) to be at level 
of more caudad inguinal strueture. At 
surgery, pampiniform plexus end pars 
infravaginalis gubernaculi were found 
together in inguinal region, whereas 
testis was in external iliac region. 


C 


inguinal area (Fig. 4D). At surgery the testis was in the external 
iliac area, anc the PIG was in the inguinal area along with the 
pampiniform plexus. 


Discussion 


The gubernaculum was tirst described by Hunter [8] as “a 
substance that runs from the lower end of the testis to the 
scrotum.” In early fetal development, the gubernaculum is 
soft and jellylixe [9]. The distal bulbous segment of the 
gubernaculum is the pars infravaginalis gubernaculi (PIG). 
With time the testis moves. caudally along the gubernaculum 
to the scrotum (Fig. 6). Wren descent is completed, the PIG 
and the gubernacuium normally atrophy. If the testis fails to 
descend to the scrotum, the gubernaculum frequently persists 
as a fibrotic rather than gelatinous remnant. Three pathologic 
specimens were obtained in our series. In one the PIG was 
jellylike, and in two it was fibrotic. In all of our examples of 
the gubernaculum on MR imaging during scanning for unde- 
scended testes. the gubernaculum was of low signal intensity 
on T1- and T2-weighted scans, compatible with fibrosis [5]. 

Sonography has had some success in the evaluation of the 
undescended “estes [1, 2]. in many undescended testes the 
mediastinum testis can be identified readily on sonography, 
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permitting a specific diagnosis (Fig. 3). In others, a discrete 
mediastinum testis cannot be defined sonographicaily. The 
PIG has a sonographic appearance identical to the testis, 
lacking a discrete mediastinum testis. 

CT cannot show the mediastinum testis. Nonetheless, the 
spermatic cord leading into the testis can be tracec. In this 
series, the CT appearance of the gubernaculum and PIG was 
indistinguishable from that of the spermatic cord and testis. 
In the patient in whom the PIG was present distal to a normal 
testis, CT identified two structures, allowing the correct di- 
agnosis. Therefore, if scanning is startec at the scrotum, it is 
important to continue to the renal hila, because the initial 
structure identified could be the PIG. 

On MR imaging, the testis is typically of low signal on T1- 
and of high signal on T2-weighted images. Undescended 
testes that are atrophic may not be of high intensity on T2- 
weighted scans [4, 5]. In our series, the PIG was of similar 
intensity as the normal testis on T1-weighted images but was 
hypointense relative to the normal testis on T2-weighted 
images. This could not be reliably distinguished from an 
atrophic ectopic testis. Structures with a long T2 are incon- 
sistent with the PIG but may be lymph nodes instead of 
undescended testes. The spermatic cord leading to the testis 
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Fig. 6.—Descent of testis on section of testis and gubernaculum in a 
pig fetus. Note relationship of descended testis to the pars infravaginalis 
gubernaculi. M. = musculus. (Reprinted with permission from Blackhouse 


{9}.) 


and gubernaculum leading to the PIG have identical properties 
on MR imaging. The mediastinum testis, which sometimes 
can be seen on MR studies [5], is the only finding that clearly 
identifies a structure as a testis. 

Testicular venography also has pitfalls related to the PIG. 
This test has been considered definitive if the pampiniform 
plexus is opacified [7]. It has not received wide acceptance 
because it is invasive and because failure to opacify the 
pampiniform plexus is common and nondiagnostic. In one 
case in this series, the testicular venogram showed the pam- 
piniform plexus in the location of the PIG although the testis 
was absent. In another patient in whom the testis was prox- 
imal to the PIG, the venogram showed the pampiniform plexus 
at the level of the PIG. Two patients with absent testes but 
with pampiniform plexus identified on venography have been 


Fig. 5.—Axiai MR images of pars 
infravaginalis gubernaculi show non- 
palpable left testis in 5-year-old boy. 

A and B, T1-weighted, 500/20 (A), 
and T2-weighted, 2000/80 (8), scans 
show pars infravaginalis gubernaculi 
{black arrow), which is of low signal on 
both sequences, and centrally located 
epididymis (white arrow). Note high 
signal in normal right testis (T) on T2- 
weighted image. 


reported [10]. In these patients, it is likely that the pampiniform 
plexus marked the site of a PIG. 

The PIG is always located distal to the undescended testis, 
usually in the scrotum but sometimes craniad to the scrotum. 
It is in the latter case that the PIG and undescended testis 
may be confused. Our current approach has been to use MR 
imaging in children and CT in adults to look for the unde- 
scended testis (the techniques provide similar information). If 
a structure is found that is thought to be the undescended 
testis, and it is within the range of sonography, sonographic 
evaluation is performed to look for the mediastinum testis if 
it has not already been identified on the MR study. Identifi- 
cation of the mediastinum testis is considered absolute evi- 
dence that the structure is the undescended testis. If a 
mediastinum testis is not identified, further studies such as 
laparoscopy or venography are necessary. 
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Case Report 





Benign Prostatic Hypertrophy: Treatment with a Metallic 


Stent 


Lindsay Machan,'* H. Rolf Jager,’ Andreas Adam,’ Kevin Gill? Gordon Williams,? and David J. Allison’ 


We report a patient in whom an expandable metallic stent 
was inserted under radioiogic guidance into the prostatic 
urethra to treat bladder outflow-tract obstruction due to be- 
nign prostatic hypertrophy. To our knowledge, this is the first 
description of radiologically-quided placement of such a stent. 


Case Report 


A 74-year-old man presented with a 2-year history of hourly 
urination during the day, nocturia three times nightly, poor urinary 
stream with:hesitancy and posimicturition dribbling, and a sensation 
of incomplete emptying of the bladder. He had had two earlier 
myocardial infarctions and presented with markedly decreased ex- 
ercise tolerance and borderlinescongestive heart failure despite med- 
ical therapy. in addition to the clinical findings of compensated chronic 
cardiovascular campromise, he was found to have a moderately 
enlarged prostate. On transrectal sonography, diffuse parenchymal 
calcification, but no suspicion of malignancy, was seen. The prostatic 
volume was 85 ml. A moderate-sized intravesical prostatic protrusion 
was seen. Bladcer outflow-traet obstruction was confirmed by uro- 
dynamics, which indicated a peak flow rate of 6 ml/sec (Table 1) and 
a urethral resistance factor (bladder pressure/peak flow rate’) of 2.8 
(normal, = 0.6). Bladder detruser instability was not seen. 

Five months before stent insertion, under fluoroscopic guidance 
and with mild sedation, the prostatic urethra was dilated with a 25- 
mm urethroplasty balloon. The patient did not improve symptomati- 
cally or by urodynamic assessment. As his cardiac condition was felt 
to preciude surgery. a long-term indwelling catheter was placed in 


the bladder. Three months later the patient suffered another mild 
myocardial infarction, from which he recovered to his baseline state. 
He found his urinary catheter to be more distressing than his original 
symptoms, and was anxious to have a nonoperative procedure to 
relieve his bladder outflow-tract obstruction. Two weeks before in- 
sertion of the stent, the patient developed an asymptomatic urinary 
tract infection due to Escherichia coli. After a 7-day course of 
ampicillin, the urine became sterile. 

After prophylactic ampicillin and sedation with IV diazepam and 
fentanyl, the urethra was coated with 2% viscous xylocaine, and a 
retrograde urethrogram was obtained to determine the position of 
the external sphincter (Fig. 1A). A 12-French steerable catheter 
(Meditech Inc., Watertown, MA) was passed into the bladder. This 
was exchanged over a 0.038-in. (0.097 cm) floppy-tipped guidewire 
for a 16-French Foley catheter with the tip cut away to allow its 
passage over the guidewire. The Foley balloon was inflated with 
contrast material and then withdrawn gently against the bladder neck 
to show the exact position of the bladder outlet. The length of the 
prostatic urethra was determined to be 2.6 cm by using the dent 
guidewire technique [1], and a new 0.038-in. (0.097 cm) guidewire 
was inserted. Over this guidewire, the Foley catheter was exchanged 
for a 7-French catheter with a preloaded 2-cm-long, 1.4-cm-wide seif- 
expanding stainless steel stent (Medinvent SA, Lausanne, Switzer- 
land). The stent was released by the hydraulically assisted rolling 
membrane delivery system supplied on the preloaded catheter, po- 
sitioned so that its superior end was flush with the bladder neck, and 
the inferior end was immediately above the internal sphincter (Fig. 
1B). The delivery catheter was removed over the guidewire, the Foley 
catheter was reinserted into the bladder, and the balloon was inflated 
(Fig. 1C). The patient returned the next day for removal of the Foley 
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Fig. 1.—A, Retrograde urethrogram before stent insertion to mark position of external sphincter. Residual widening of prostatic urethra trom balloon 


dilatation 5 months earlier is seen. 


B, Retrograde urethrogram at end of insertion. Note relationship of each end of stent to internal and external sphincters. 
C, Transrectal sonogram, longitudinal projection, after stent insertion. Foley balloon sits on stent, confirming that proximal end is flush with bladder 


neck. 


catheter, and a voiding cystourethrogram was obtained, which 
showed that the position of the stent was unchanged. 

The urine was mildly bloodstained at the time of the procedure, 
but this cleared by 6 hr later. A mild continuous sensation of urgency 
persisted for approximately 3 days. Initially, the patient dribbled 
continuously, but by 48 hr, he had regained continence. At that time, 
his peak flow rate was 8 mi/sec on a voided volume of only 95 mli. 
On the second day, the patient developed another asymptomatic 
urinary tract infection due to E. coli, which responded to 2 days of 
parenteral ampicillin and a further 5 days of oral amoxycillin. Two 
weeks after implantation, following instructions concerning fluid man- 
agement and bladder training, the patient was voiding spontaneously 
at 4-hr intervals. Peak flow rate was 20 ml/sec on a volume of 210 
mi, and postvoiding catheter residual urine was 20 ml. Six weeks 
after insertion, the peak flow rate was 18 mi/sec on a voided volume 
of 250 mi, and no residual urine was seen by postmicturition sonog- 
raphy. 

On follow-up at 3 months, the patient felt much improved from his 
pretreatment state, voiding every 3 to 4 hr during the day and once 
at night. He complains of intermittent urgency, which on two occa- 
sions has been severe enough to cause urge incontinence, but 
otherwise he is continent. Peak flow rate is 22 ml/min on a volume 
of 300 mi, with barely perceptible residual urine seen by sonography. 
All posttreatment flow rates have shown a nonobstructed pattern. 
Intermittent bacteruria and occasional pyuria have occurred, but 
without clinical manifestation, and no further antibacterial treatment 
has been necessary. The patient is not sexually active, has no 
spontaneous erections, and was not aware of retrograde ejaculation 
before or after the stent was inserted. 


Discussion 


Although most reported uses of expandable stainless steel 
stents have been in the vascular system [2, 3], they also have 
been placed in the penile urethra under radiologic [4] and 
cystoscopic [5] guidance to treat recurrent urethral strictures. 
In the human penile urethra, the stent becomes covered by 
urothelium within 4~6 months, effectively becoming incorpo- 


TABLE 1: Peak Urine Fiow Rates Before and After Treatment 








Time Peak Flow Urine Bladder 
palin Rate (mi/sec) Volume (mi) Residual (m) 
0 6 == 110 
48 hr 8 95 — 
2 weeks 20 210 20 
6 weeks 18 250 0? 
3 months 22 300 Minimal? 
ATELIER RACER SLES ETT ES ALT TE EE E EAEE TSE E E EEEE ESA SC SN ID 
Note.-—Dash (—) = not determined. 


* Seen on postmicturition sonography. 


rated into the urethral wall and reducing its potential to act as 
a nidus for encrustation. No information is available on the 
long-term effects of stainless steel stents in the bladder 
outflow tract, nor on the length of time needed for a metallic 
prosthesis in the prostatic urethra to be covered by urinary 
epithelium. The device has been placed in the penile urethra 
of four mongrel dogs [5], and scanning electron microscopy 
after sacrifice at 2, 4, 6, and 12 months revealed no abnor- 
malities in the deeper tissues of the urethra. 

Operative sphincterotomy (incision of the bladder neck) is 
successful in 78% of patients with bladder outflow-tract ob- 
struction due to benign prostatic hypertrophy [6]. Insertion of 
a metallic stent mimics this procedure by providing continuous 
mechanical distention of the internal sphincter. It is important, 
however, to preserve the external sphincter, which is the 
most significant factor in maintaining continence, and great 
care was taken to ensure that the distal end of the stent did 
not cross over, or even distend, this portion of the urethra by 
its proximity. Although a device has been designed by the 
supplier for retrieval of a misplaced stent, it has not been 
used in vivo. The prosthesis was inserted on the assumption 
that it probably would not be retrievable. The patient was so 
distressed by his symptoms that he was willing to accept that 
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if the external sphincter was interrupted by the stent, he 
would be left in his orginal condition, with a permanent 
indwelling bladder catheter. He was incontinent immediately 
after the procedure, and his initial voided volumes were low, 
but this was felt to be a consequence of long-term catheteri- 
zation. He responded wel to bladder retraining. It is of interest 
that five of eight patients in whom Milroy et al. [5] placed 
bulbar urethral stents experienced transient postmicturition 
dribbling immediately after stent insertion. 

The development of a urinary tract infection in the presence 
of a foreign body was of some concern, but it responded 
immediately to antibiotics. Although intermittent bacterucia 
has occurred since ther, occasionally with pyuria, no treat- 
ment is indicated at present. The patient had frequent bac- 
teruria and occasional pyuria when he had a chronic indwelling 
catheter. He remains afebrile, with no clinical indications of 
urinary tract infection. 

Many designs of metallic stent are currently being maru- 
factured. The cevice used in this patient is woven from 
multiple strands of a medical-grade stainless steel alloy. Tne 
woven structure allows extreme flexibility, and because it 
decreases in diameter when it is lengthened, the stent can 3e 
stretched and loaded on a delivery catheter significantly 
smaller than its ciameter-at full expansion. It is self-expanding, 
although occasionally the device will not reach its full dimen- 
sions without distensioa by a balloon catheter after it has 
been dischargec. 

With our present aging population and the increasing pres- 
sure for therapies that lessen the demands on inpatient 
resources, nonoperative therapy for prostatic disease is an 
attractive alternative to tsansurethral resection of the prostate, 
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particularly in high-risk patients. It was hoped that balloon 
dilatation of the prostate would fulfill this role, but we have 
found it to be unsatisfactory in most patients with bladder 
outflow-tract obstruction due to prostatic disease [7]. Al- 
though the long-term efficacy and safety have not been 
determined, the marked symptomatic and objective improve- 
ment in this patient at 3 months has encouraged these 
authors to feel that the expandable metallic stent warrants 
further investigation in the treatment of benign prostatic 


hypertrophy. 
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Memorial 








Fred R. McCrea, 1917-1988 





Fred R. McCrea died September 17, 1988, 
at the age of 70 after an extended illness. He 
was born in Oil City, PA, on October 28, 


1917. He earned his bachelor’s and master's 
degrees from the University of Kentucky and 
his medical degree from Vanderbilt Univer- 
sity. On completion of his internship and res- 
idency in radiology at the Indiana University 
Medical Center, he served as assistant chief 
of radiology at the Veterans Administration 
Hospital in indianapolis. 

Dr. McCrea began a private practice in 
radiology in Terre Haute, IN, in 1952. He 
served as the director of the department of 
radiology at the Union Hospital in Terre Haute 
from 1954 until his retirement in 1981. A 
capable administrator and radiologist, he 
guided the department through many reno- 
vations, introducing all the new imaging tech- 
niques through the years. He was former 
chief of staff. A diplomate of the American 
Board of Radiology, he was also a member 
of the American College of Radiology, the 
Indiana Roentgen Society, the American 
Medical Association, and the Indiana State 


Medical Association. 

His contributions to the community went 
far beyond radiology. He was a long-standing 
member of local service organizations and a 
past-president of the Terre Haute Symphony 
Orchestra. He was an amputee as the result 
of an automobile accident that happened 
when he was a teenager, and he suffered the 
complications of long-standing diabetes. 
Consequently, he frequently fulfilled his re- 
sponsibilities as radiologist, administrator, 
and teacher while he was in a wheelchair or 
on crutches. He was an example of courage 
and determination to all who knew him. He 
is survived by his wife, Mary, and their chil- 
dren, Patrice, Susan, Michael, and Kevin, as 
well as his sister, Alice. He is remembered as 
a kind and fair man who had great compas- 
sion for his patients. He will be missed by all 
who knew him, especially his eldest son. 

Michael S. McCrea 
South Bend, IN 


783 


Technical Note 





Bioccmpatible Copolymer Ureteral Stent: Maintenance of 


Patency Beyond 6 Months 


Marlene E Rackson,' Harold A. Mitty,? Steven V. Lossef,' Sol J. Dan,? and John S. Train? 


We previously reported our experience [1] with a ureteral 
stent made of a new biocompatible copolymer, Percuflex 
(Medi-tech, Watertown, MA). This soft copolymer offers an 
improved delivery system ior ease of antegrade insertion, the 
largest avawable inner lumen for a given outside diameter, 
good toleraace by patients, and thus far more resistance to 
migration anc fracture. In this article, we report our long-term 
experience 14 patients: whose clinical circumstances re- 
sulted in the Percuflex stent not being replaced at the rec- 
ommended 3-month interval. Thus, we were able to monitor 
these patierts from 1 to 12 months beyond the suggested 
time for replacement. 


Materials aed Methods 


The designand technique of insertion of the Percuflex stent have 
been described in detail [1]. Tre stents are available in 8-French and 
10-French diameters. The maaufacturer recommends that the stent 
be replaced every 6 months. However, clinical circumstances or the 
patients’ concitians led to the-stents being left in place beyond that 
time. 

Patients were included in this study if their stents had been 
continuously patent beyond the manufacturer's recommended time 
for replacemert cf 6 months. Thus, all patients had patent stents for 
at least 7 monghs at the time of elective removal or exchange, death, 
or the end of tne study. Fifty-eight stents were placed in 47 patients 
between April 1987 and February 1988. Seven patients with one 
stent each wee iost to follow-up. Three stents occluded early (1-5 
days), and five stents showed:delayed occlusion (within 4 months). 


Sixteen stents were electively removed or exchanged between 1 
week and 7 months (11 before 6 months, five after 6 months), with 
only one such case due to stent malfunction. Twenty-one stents 
were in place when the patient died; five had been in place for longer 
than 6 months, 16 had not. Sixteen stents in 14 patients were patent 
for longer than 6 months. These stents were placed because of 
neoplastic ureteral obstruction in 12 patients; two patients received 
bilateral stents. Six of the stents were 10-French and eight were 8- 
French. The remaining two stents were placed for the treatment of 
nonmalignant strictures: inflammatory stricture due to Crohn disease 
and ureteroneocystostomy stricture 12 years after cadaveric trans- 
plantation. Both of these stents were 10-French. 

Stent patency was evaluated with a variety of imaging techniques, 
including excretory urography, cystography, and sonography. In 
those patients who died without recent imaging studies, a stent was 
presumed patent if the cause of death was unrelated to azotemia, 
sepsis, or clinical signs of stent failure such as decreased urinary 
output or flank pain. 


Results 


Follow-up of the patients showed that 16 stents were 
patent for at least 7 months. Of these, five stents placed for 
neoplastic obstruction were patent until the patient died (7, 
7, 9, 9, and 10 months). Five stents placed for neoplastic 
obstruction were changed electively (7, 7, 8, 13, and 13 
months); these stents were patent at the time of exchange. 
The stent in a kidney transplantation patient occluded at 18 
months. One patient with neoplastic obstruction and bilateral 
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stents was lost to follow-up at 11 months. The remaining 
three stents, which included one stent placed for a nonmalig- 
nant stricture, were patent at the end of the study interval 
(10, 12, and 12 months). 

No stent fractured or migrated in this series. 


Discussion 


Early experience with the somewhat rigid polyethylene and 
polyurethane stents demonstrated difficulty in transrenal 
placement, poor tolerance by patients, migration, fracture, 
and encrustation [2-5]. To avoid such complications, the 
manufacturer of stents made of biocompatible olefinic copoly- 
mer, Percuflex, recommends that the stents be changed every 
6 months. In our series, 16 stents remained patent 7 months 
or longer, with a mean and median of 10 months. 

Stents were left in place longer than the manufacturer's 
recommendation for various reasons, including malignancy 
with short life expectancy (nine stents), delayed clinical follow- 
up (five stents), and reluctance on the part of patients with 
strictures to exchange a functioning stent (two stents). The 
five patients who died with patent stents were spared the 
inconvenience and expense of an exchange procedure. The 
remaining nine patients had the advantage of a longer interval 
between stent exchanges. 

Patency rates did not differ between 8-French and 10- 
French stents. This implies that the larger diameter stent, 
which initially requires a larger hole in the renal parenchyma 
and is mechanically more difficult to insert, does not offer 
increased protection against encrustation in the long-term 
setting. Therefore, the 10-French stent might be used for 
specific indications such as maintaining ureteral diameter after 
stricture dilatation. 

No stent fractured or migrated in this series. Similar results 
have been noted with C-flex [6], another biocompatible co- 
polymer that is less rigid than polyethylene or polyurethane. 
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In general, the position of the distal pigtail in the bladder is 
critical to comfort of the patient when rigid indwelling stents 
are placed: a stent that is too long may kink or irritate the 
bladder. The vast majority of stents placed in this series were 
22 or 24 cm in length. Inevitably, the distal pigtail came to lie 
in a variety of locations within the bladder. Nevertheless, no 
patients complained of discomfort, presumably because of 
the softer nature of the stent. New copolymer technology has 
produced materials that are well tolerated by the body. 

Some patients are inevitably lost to follow-up, do not return 
for scheduled cystoscopic procedures, or are too ill for further 
manipulations. Thus, stents will inevitably be left in place 
beyond the recommended interval for replacement. It is of 
interest that the Percuflex stents remained patent and flexible 
in 14 patients whose clinical circumstances resulted in the 
same stent remaining in place beyond 6 months. As a routine, 
one should try to follow the manufacturer's recommendation 
for the time of stent replacement. However, our experience 
suggests that Percuflex stents can be left in place beyond 
this period in appropriate clinical situations. 
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The Enthesopathic Changes of 
Hypophosphatemic Osteomalacia 
in Adults: Radiologic Findings 





The enthesopathy (bone proliferation at sites of ligament, tendon, joint capsule, and 
interosseous membrane attachment) that may be present in adults who have long- 
standing hypophosphatemic osteomalacia, the most common type of osteomalacia, has 
received little attention in the radiologic literature. These proliferative enthetic changes 
may be associated with various musculoskeletal symptoms. The spectrum of prafifera- 
tive enthesopathic changes, involving the axial and appendicular skeleton, is described 
in six patients 18-63 years old. Proliferative changes at the attachment of the annulus 
fibrosus were present in six of six patients and ranged in extent from tiny hyperostoses 
at a few levels to thin marginal symmetric syndesmophytes involving the entire lumbo- 
sacral spine and mimicking spondylitis. Thoracic spinal syndesmophytes were present 
in four patients and cervical hyperostoses of various magnitudes were present in three 
patients. Changes in the sacroiliac joints were present in four of six patients and varied 
from mild widening to symmetric intraarticular and anterior paraarticular bony bridging. 
Proliferative enthesopathy involving the pelvis and proximal femora was present in six 
of six patients. Appendicular changes included accessory ossicles within the wrist and 
hands and bony proliferation of the distal radius and metacarpal heads. These were 
noted in four patients. Ossification of the interosseous membrane of the forearms or the 
lower extremities was present in six patients and paraarticular bony proliferation about 
the elbows was noted in four patients. 

It is apparent that the severity of the enthesopathy that occurs may vary, anc that 
hypophosphatemic osteomalacia should be recognized as a cause of enthesopathy 
even if other radiographic findings of osteomalacia may not be present on available 
radiographs. 
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The enthesopathy that may be present in adults who have long-standing hypo- 
phosphatemic osteomalacia has received little attention in the radiologic literature. 
These proliferative enthetic changes may result in various musculoskeletal symp- 
toms. The purpose of this article is to illustrate the spectrum of these enthetic 
changes and to discuss the radiographic differential diagnosis. 


Materiais and Methods 


The radiographs of six adult patients with hypophosphatemic osteomalacia were analyzed 
retrospectively. Not all of the anatomic areas were radiographed in all patients. Consequently, 
this report is not meant to be a statistical evaluation of the frequency of changes, but rather 
a qualitative assessment of the abnormalities that may be encountered in this disorder. Serum 
levels of calcium, phosphorus, alkaline phosphatase, and creatinine and urine levels of calcium, 
phosphorus, and creatinine were obtained at a time when the patients were not receiving 
medication. Clinical and biochemical data are listed in Table 1. Bone biopsies were done. after 
tetracycline (tetracycline hydrochloride capsules, Danbury Pharmacal, Danbury; 
double labeling. 
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TABLE 1: Clinical and Laboratory Findings in Patients with 
Hypophosphatemic Osteomalacia 





Biochemical Findings (mg/dl)? 








Case —— — —- —— 
No, Age Gender Serum Serum Inorganic TmpiarR Family 
Calcium Phosphate / History 
1 18 M 9.6 2.1 1.6 + 
2 22 F 9.3 2.0 1.06 7 
3 40 M 9.7 2.0 NA + 
4 36 F 9.3 2.3 NA + 
5 59 F 9.1 1.8 NA + 
6 63 M 9.6 1.4 0.32 2 





Note.—All laboratory values were obtained while medical therapy was 
withheld. TmP = renal tubular maximum reabsorption of phosphate; GFR = 
glomerular filtration rate; NA = not available. 

? Normal values: serum calcium, 8.5-10.5 mg/dl; serum inorganic phosphate, 
2.5-4.5 mg/dl; Tmp/GFR = 2.78-4.15 mg/di. 

PA detailed evaluation of relatives including laboratory values was not 
possible, so these cases may still represent an X-linked dominant state as 
opposed to sporadic mutation. 


Results 


Five of six patients had musculoskeletal symptoms. These 
symptoms included back rigidity and pain caused by spinal 
enthesopathy and pain and stiffness of multiple joints, which 
showed evidence of paraarticular proliferative changes. 


Radiologic Findings in the Axial Skeleton 


Proliferative changes at the attachment of the annulus 
fibrosus involving the lumbosacral spine ranged from tiny 
hyperostoses at several levels to thin marginal symmetric 
syndesmophytes involving the entire lumbosacral spine (Fig. 
1). New bone formation involving the lumbar facets was 
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identified (Fig. 2). Proliferative marginal changes at the tho- 
racic spine were noted and varied from asymmetric thin 
hyperostoses at a single level to symmetric marginal syndes- 
mophytes at numerous levels. The changes noted in the 
cervical spine ranged from nonbridging osteophytosis at two 
levels to thick flowing hyperostotic changes that were identi- 
fied anteriorly over contiguous vertebral body levels and 
occurred in the presence of intact disk spaces (Figs. 3A and 
3B). Ossification of interspinous ligaments was shown (Fig. 
3C). 

The appearance of the sacroiliac joints varied, ranging from 
symmetrically widened (Fig. 4) or normal to intraarticular 
ankylosis with ossification of the anterior sacroiliac ligaments 
(Fig. 5). 

The proliferative enthesopathy involving the pelvis and 
proximal femora consisted of an undulating cortical thicken- 
ing, which was noted laterally at the supraacetabular margins 
of the hip joints; “whiskering” along iliac crests and ischia; 
and bony proliferation at the sites of capsular insertion on the 
femoral necks (Figs. 4 and 6). 


Proliferative changes at the infraglenoid tubercle, at the 
greater tuberosity of the humeri, along the lateral margin of 
the scapulae, or at the coracoid attachment of the coraco- 
clavicular ligaments were shown occasionally (Fig. 7). 


Radiologic Findings in the Appendicular Skeleton 


Accessory ossicles occurring in the hands, wrists, or feet 
and hooklike projections from the metacarpal heads were 
identified (Figs. 8 and 9). Radiographic abnormalities in the 
forearms consisted of cortical thickening at the attachments 
of the interosseous membrane and proliferative changes 
about the elbows (Fig. 10). Osseous proliferation involving 
the lower legs ranged from cortical thickening to pedunculated 


Fig. 1.—Radiograph shows thin marginal syn- 
desmophytes anteriorly and posteriorly from T10 
to L3 and larger anterior osteophytes at L3-L4 
disk space. 


Fig. 2.—Axial CT scan through L1-L2 facet 
joints shows remodeled facets with paraarticular 
osseous ankylosis (arrows). 
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A B 


Fig. 3.—interval bridging of esteophytes. 


(0) 


A, Lateral radiograph of cervical spine shows large, nonbridging anterior osteophytes at C2, C3, and C4 vertebral bodies (arrows) and thick tlowing 


hyperostosis (arrowheads). 


B, Radiograph obtained 6 years later shows interval bridging of osteophytes at C2-C3 and C3-C4 levels (arrows). 
C, Radiograph shows “dagger sign” of interspinous and supraspinousigamentous ossification and marginal syndesmophyiosis of lumbar spine. 





Fig. 4.—Radicgraph shows symmetric widening of both fibrous and 
synovial parts of sacroiliac joints and bony proliferation about hips (ar- 
rows). 


or sessile projections arising from the attachments of the 
interosseous membrane ane muscular aponeuroses (Fig. 11). 
Long-bone bowing deformities and/or Looser zones were 
noted in four patients (Figs. 6 and 11). 


Discussion 


The most common type cf hypophosphatemic osteomala- 
cia is X-linked dominant hypophosphatemia [1]. Rare cases 
of recessive inheritance and sporadic mutation have also been 
described [2, 3]. The renal abnormality present in these 


patients is a decreased renal tubular transport maximum of 
phosphate that results in the hypophosphatemia [1]. No other 
associated renal tubular defects are present, and the glomer- 
ular filtration rate is normal. Laboratory values typically seen 
include normocalcemia, hypophosphatemia, and normal 25- 
hydroxy-vitamin Ds. It is thought that there may be an inap- 
propriately decreased response of 1,25-vitamin D3 production 
to the hypophosphatemic state [1]. Osteomalacia occurs as 
a result of the mineral imbalance. The severity of clinica! and 
biochemical abnormalities may vary, and a history of growth 
disturbance or rickets in childhood is common. 

In contrast to early-onset hypophosphatemia, patients with 
adult-onset hypophosphatemia have no history of rickets or 
childhood growth disturbance, manifest a prominent myopa- 
thy, and may have aminoaciduria in addition to a decreased 
renal tubular transport maximum of phosphate [4, 5]. 

A radiographic spectrum of calcification of ossification oc- 
curring at the attachment of ligaments, tendons, joint cap- 
sules, interosseous membranes, and muscular aponeuroses 
has been described [6, 7]. Despite speculation by many 
authors, the pathogenesis of the ossific changes remains 
uncertain [5-10]. It has been shown that these changes are 
not associated with medical treatment [9, 10]. What remains 
in doubt is whether the ossifications represent another radio- 
graphic manifestation of the genetic disease, as suggested 
by Polisson et al. [10], or whether the changes are merely a 
result of the presence of the long-standing mineralization 
defect. Similar hyperostotic involvement of the spine reported 
in a patient with long-standing cadmium poisoning and resul- 
tant renal tubular disease supports the latter contention [9]. 
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Fig. 6.--Radiograph shows marked bone proliferation involving supra- 
acetabular cortex and lesser trochanter and Looser zone in mid femur 
medially. 

Fig. 7.—-Radiograph shows osseous proliferation at coracoid process 
(arrows) and marked enlargement of deltoid tuberosity (arrowhead). 


Ligamentous calcification has also been described in another 
long-standing osteomalacic state, hypophosphatasia [11]. In 
several series of patients with X-linked hypophosphatemia, it 
has been shown that the prevalence of enthesopathy in- 
creases with the age of the patient [10, 12]. The enthesopathy 
may result in pain or decreased range of motion of the 
appendicular and axial skeleton [9], and spinal canal en- 
croachment with neurologic symptoms has been reported 
[13, 14]. 

With radiologic evidence of Looser zones, bowing, and 
deformity, there is little to be considered in the differential 
diagnosis. However, if these features of osteomalacia are not 
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Fig. 5.—Intraarticular and paraarticular sac- 
roiliac joint bone formation. 

A, Radiograph shows severe osteopenia and 
apparent ankylosis of sacroiliac joints. 

B, Axial CT scan shows ossification of anterior 
sacroiliac ligaments (arrowheads) and bone 
struts crossing within sacroiliac joints (arrows). 
A metastasis (m) from prostate carcinoma is 
present. 


evident on the available radiographs, the enthesopathic 
changes shown on the axial or appendicular skeleton may 
raise the possibility of several disorders. 

The radiographic changes that may be identified in the 
sacroiliac joints may suggest an inflammatory sacroiliitis. Ap- 
parent widening of the sacroiliac joints, mimicking an early 
stage of sacroiliitis, may occur and result from the accumu- 
lation of unmineralized osteoid within the subchondral bone 
[15]. In patients who have been taking phosphate supple- 
ments for a long time, hyperparathyroidism and apparent 
widening of the sacroiliac joint associated with subchondral 
bone resorption, mediated by elevated parathyroid hormone, 
may develop. With ossification of the anterior sacroiliac liga- 
ments or true intraarticular bone formation, the radiographic 
appearance of sacroiliac joint ankylosis may suggest end- 
stage sacroilitis [7-9]. The lumbar and thoracic syndesmo- 
phytes of hypophosphatemic osteomalacia are marginal and 
symmetric, which are classically described in ankylosing spon- 
dylitis or the spondylitis of inflammatory bowel disease [8], 
and differ from the paravertebral ossifications associated with 
spondyloarthropathies of psoriasis, Reiter syndrome, and 
acne conglobata. Squaring of the vertebral bodies similar to 
that seen with ankylosing spondylitis may be noted [7-9]. 
Calcification or ossification of the ligamenta flava and inter- 
spinous, supraspinous, anterior, and posterior longitudinal 
ligaments may occur along with hypertrophy of the facet 
joints and thickening of the lamina [13, 14]. 

The radiographic abnormalities described in diffuse id- 
iopathic skeletal hyperostosis have features that are quite 
similar to those seen in hypophosphatemic osteomalacia. The 
changes in the appendicular skeleton in patients described by 
Resnick and Niwayama [16] are essentially the same as those 
that may occur in hypophosphatemic osteomalacia. The 
spinal hyperostoses are classically described as thick and 
flowing and involve at least four contiguous thoracic levels. 
Similar hyperostotic changes of the cervical vertebral bodies 
have been described in X-linked hypophosphatemic osteo- 
malacia [9]. 

Ossification of the posterior longitudinal ligament is another 
cause of proliferative enthesopathy, which may cause com- 
promise of the spinal canal [17]. This entity has been de- 
scribed most commonly in people of Japanese descent. Os- 
sification of the posterior longitudinal ligament usually involves 
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Fig. 8.—Radiograph shows multiple intercarpal ossicles and hooklike projections involving 


metacarpal heads (arrows). 
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Fig. 10.—Raciograph shows marked cortical thickening at radial attach- 
ment of interosseaus membrane. prominent radial tuberosity, and prolif- 
erative changes at lateral epicendyle with a small accessory ossicle 
laterally. 

Fig. 11.—-Raciograph shows marked anterior bowing of tibia and fibula, 
ossification of sroximal part of interosseous membrane, an exostotic 
projection from proximal fibula (arrow), and healing Looser zones of fibutar 
diaphysis. 
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Fig. 9.—Radiograph shows ossicles at several 
metacarpal phalangeal joints (arrows). 


the cervical spine with thoracic or lumbar involvement occur- 
ring less frequently. Ossification involving the ligaments flava 
and capsules of the apophyseal joints may occur as seen in 
hypophosphatemic osteomalacia. Coexistence with ciffuse 
idiopathic skeletal hyperostosis may occur. 

The hyperostotic abnormalities of the appendicular skeleton 
described in idiopathic hypoparathyroidism have many simi- 
larities to the proliferative changes seen in hypophosphatemic 
osteomalacia [18]. Osteosclerosis may be present in both 
entities. Distinction may be made on the basis of the clinical 
history and presentation of seizures, cataracts, and skin rash, 
as well as laboratory values. 

Retinoid-induced hyperostosis is a recently recognized 
cause of enthesopathy [19]. Both axial and appendicular 
entheseal changes may be present. Radiographically, the 
spinal syndesmophytes may appear thin initially, yet with 
continued therapy may progress to changes more character- 
istic of diffuse idiopathic skeletal hyperostosis. 

Finally, fluorosis, which may be associated with osteascle- 
rosis and ligamentous calcification or ossification similar to 
hypophosphatemic osteomalacia, must be considered in the 
differential diagnosis [20]. The pathogenesis of fluorosis may 
relate in part to a mineralization defect with resultant osteo- 
malacia caused by the excess fluoride. 
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Radiation-Induced Sarcoma of 
Bone: CT Findings in 19 Cases 





We reviewed the CT findings in 19 cases of radiation-induced sarcoma of bone. The 
latent period before development of the sarcoma ranged from 5 to 50 years (mean, 17 
years). In all 19 lesions, a soft-tissue extraosseous component was seen on CT, and 18 
of them had associated bone destruction. Expansion of the affected bone and tumor- 
matrix mineralization each were present in 10 patients, but occurred together in only 
five patients. Periosteal reaction was seen in five patients, one of whom had an 
associated fracture. Radiation osteitis could not be identified on CT scans in the affected 
bone of any of the patients when tumor was present, but it was present in contiguous 
bone in two patients and had been shown 6 years before tumor became apparent in the 
affected bone in one other patient. 

Radiation-induced sarcoma of bone should be considered when bone destruction and 
an associated soft-tissue mass are shown on CT, or when changes occur in the 
appearance of previously stable irradiated bone. 
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Malignant neoplasms are an uncommon, but well-recognized complication of 
therapeutic irradiation [1]. Radiation-induced sarcomas of bone are estimated to 
occur in 0.035% of patients treated by irradiation who survive 5 years [2]. The 
radiographic appearances of these tumors have been well described [3]. However, 
because CT is now the primary imaging technique in the follow-up evaiuation of 
many cancer patients, it is important that the CT features of radiation-induced 
sarcoma of bone be recognized. in this report, we describe the CT appearances in 
19 patients in whom sarcomas of bone developed after therapeutic irradiation for 
a variety of nonosseous lesions. 


Materials and Methods 


The medical records and CT examinations of 19 patients with radiation-induced sarcomas 
of bone were reviewed. All diagnoses were made after 1980, and all CT scans were obtained 
with “fast” scanners by using a scan time of 3 sec or less. Seven of these patients. including 
five with a variety of head and neck tumors, have been included in previous reports [4. 5]. 

The group was composed of 11 women and eight men; the age range was 16~80 years 
(mean, 52 years). The average age at irradiation was 35 years (range, 4-67 years). All 
patients were treated for a nonosseous lesion, and none had had a known abnormality in the 
affected bone at the time of irradiation. The primary malignancies included breast cancer (five 
patients), Hodgkin disease (four), ovarian cancer (three), melanoma (one), and prostate cancer 
(one). The remaining five patients had a variety of head and neck lesions, including cystic 
hygroma, nasopharyngeal carcinoma, malignant fibrous histiocytoma, and rhabdomyo- 
sarcoma. The reason for irradiation of the head and neck in the other patient is unknown. 

Treatment of the primary lesion was performed at other institutions in most patients, and 
details of the radiation therapy were incomplete in nine cases. In the other 10 patients, 
irradiation was given with cobalt-60; the average dose was 42.8 Gy (4280 rad). Five patients 
also underwent chemotherapy. 
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The diagnosis of radiation-induced sarcoma of bone was made 
using the criteria originally enumerated by Cahan et al. [6]. These 
include (1) radiation therapy, (2) development of the neoplasm within 
the irradiated field, (3) a latent period of some years, and (4) histologic 
proof of a sarcoma. The average latent period to the development of 
the sarcoma was 17 years (range, 5-50 years). The radiation-induced 
malignancies included 14 osteosarcomas, two malignant fibrous his- 
tiocytomas, and one case each of chondrosarcoma, malignant chon- 
droblastoma, and spindle cell sarcoma. The tumor occurred in the 
scapula in six patients, various parts of the maxilla in five, the pelvis 
in four, the sternum in two patients, and the humerus and clavicle in 
one patient each. 

The CT examinations were evaluated for the presence of soft- 
tissue mass, destruction and expansion of the affected bone, tumor- 
matrix mineralization, periosteal reaction, and evidence of radiation 
osteitis in the affected area. 


Results 


An extraosseous soft-tissue mass (19 patients) and bone 
destruction (18 patients) were the most common features 
(Figs. 1-5). Bone expansion (Fig. 4) and tumor-matrix miner- 
alization (Figs. 3 and 5) were seen in 10 patients each, but 
only five patients had evidence of both features. Periosteal 
reaction was present in five patients (Figs. 1 and 5), one of 
whom had an associated pathologic fracture of the affected 
bone (Fig. 4). Associated tumor-matrix mineralization was 
seen in four of these five patients, and bone expansion was 
seen in two of them. None of our patients had definite 
evidence of radiation-induced osteitis in the affected bone on 
CT examination at the time the tumor was present (Fig. 3). 
The histology of the underlying neoplasm could not be pre- 
dicted from the CT appearance (Fig. 3). However, tumor- 
matrix mineralization was present in each of the four osteo- 
sarcomas involving the maxilla but in only four of the other 
nine osteosarcomas. The other patient with tumor-matrix 
mineralization had a chondrosarcoma, but we could not dis- 
tinguish the chondroid matrix of this tumor from the osteoid 
matrix of the osteosarcomas on CT (Fig. 3). 


Discussion 


Radiation-induced sarcomas are an infrequent conse- 
quence of therapeutic irradiation [1, 2]. Most of the early 
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Fig. 1.—Spindle cell sarcoma of ilium in 46- 
year-oid woman 12 years after radiation therapy 
for ovarian carcinoma. 

A, Radiograph of pelvis shows a destructive 
lesion in left ilium. No soft-tissue mass is seen. 

B, CT scan shows bone destruction with a 
large associated soft-tissue mass in pelvis and 
buttock, and reactive bone changes in left ilium 
and periosteal reaction medial to posteromedial 
aspect of bone. 


cases of radiation-induced sarcoma of bone occurred after 
irradiation of benign bone lesions, but because this is now 
rarely done, most of the cases now seen occur after radiation 
treatment of a soft-tissue neoplasm [2, 3, 5, 7]. The latent 
period in our patients ranged from 5 to 50 years. This is in 
keeping with the experience of Huvos et al. [8], who found a 
latent period ranging from 3.5 to 33 years in 66 patients, and 
Weatherby et al. [9], who reported a range of 2 years, 9 
months to 55 years in 78 patients. 

It has been suggested that for radiation to induce malignant 
change, the injury to individual cells must be sufficient to 
cause genetic mutation but insufficient to cause cell death 
[10], a situation that apparently arises at the margins of the 
radiation field. The anatomic distribution and the preponder- 
ance of the bone sarcomas in women in our series reflects 
the role of therapeutic radiation in the management of breast 
carcinoma, Hodgkin disease, and gynecologic malignancies. 

In 14 (74%) of our patients, the radiation-induced tumor 
was an osteosarcoma, whereas in the series of Weatherby 
et al. [9], osteosarcomas (48.7%) and fibrosarcomas (41%) 
accounted for almost 90% of the tumors. It may be significant 
that in the series of Weatherby et al., 43 of 78 sarcomas of 
bone developed at the site of a preexisting bone abnormality. 
One of the other five neoplasms in our series was a malignant 
chondroblastoma, a rare tumor that occurs most frequently 
after curettage or therapeutic irradiation of a benign chon- 
droblastoma [11]. This case is exceptional in that it arose in 
an area of apparently normal bone, although it may represent 
malignant transformation of an unrecognized benign chon- 
droblastoma. 

The spectrum of conventional radiographic findings in ra- 
diation-induced sarcoma of bone are well described [3] and 
vary from lucent destructive lesions to areas of dense scle- 
rosis or a mixed pattern. Most lesions have an associated 
soft-tissue mass, although this may not be obvious on con- 
ventional radiographs. In Smith’s series [3], 19 of 43 patients 
had radiographic evidence of radiation osteitis involving the 
affected bone. Five patients in that series had a periosteal 
reaction, but in three of these, an underlying pathologic frac- 
ture was present. 

In Smith’s series [3], CT was used in 12 patients and was 
useful for showing the extent of both the bony lesion and the 
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Fig. 2.—Ositeosarcoma of right clavicle in 39- Fig. 3.—Chondrosarcoma of scapula in 51-year-old woman 24 years after radiation therapy for 
year-old man 1f years after raciation therapy for malignant melanoma. 
Hodgkin disease. CT scan shaws destruction of A, CT scan shows a destructive lesion involving left scapula with an associated soft-tissue mass and 
medial end of right clavicle with an associated tumor-matrix mineralization. 
soft-tissue mass. B, CT scan obtained 6 years before A shows mottled pattern of radiatior osteitis in scapula and no 
evidence of tumor. 


Fig. 4.~-Ostaesarcoma of proximal right hu- 
merusiin 16-year-old man 6 years after radiation 
therapy for Hodgkin disease. 

A, Radiograph shows expansile and destruc- 
tive lesion in proximal humerus with an associ- 
ated pathologic fracture and pesosteal reaction. 
A large soft-tissue mass is present. 

B, CT scan shows large soft-tissue mass in 
proximal right arm with tumor-matrix mineraliza- 
tion. A. bone fragment due to fracture is seen 
antericrly. 


Fig. §.—Ostecsarcoma of right scapula in 43- 
year-olc man 13 years after radiation therapy for 
Hodgkir disease. 

A, Radiograph shows tumor-matrix mineral- 
ization and suggests presence of a soft-tissue 
mass (arrows). 

B, CT scan shows right scapular lesion, with 
tumor-reatrix mineralization and periosteal re- 
action and soft-tissue mass. 
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soft-tissue mass. Likewise, Sundaresan et al. [7] found that 
CT was the most useful diagnostic test in radiation-induced 
sarcomas of the axial skeleton because it frequently showed 
unsuspected soft-tissue masses. 

In our patients, the combination of bone destruction and a 
soft-tissue mass suggested the correct diagnosis in 18 pa- 
tients. The remaining patient had a large soft-tissue mass 
with tumor-matrix mineralization affecting the scapula, with- 
out evidence of bone destruction. Bone expansion and tumor- 
matrix mineralization are good indications of a neoplastic 
process; they were present, either in combination or singly, 
in 15 patients. Periosteal reaction was uncommon, and we 
identified only one associated fracture. Although we could not 
identify radiation osteitis in tumor-bearing bone on CT, it was 
seen in a contiguous bone in two of five patients with pelvic 
tumors. In our experience, however, radiation osteitis is better 
shown on conventional radiographs than on CT. Likewise, it 
may be difficult to distinguish true tumor-matrix mineralization 
from displacement of native bone by expansile bone lesions. 

Fractures and subsequent bone resorption are well-recog- 
nized complications of radiation injury [12, 13]. These com- 
plications can be distinguished from bone destruction due to 
radiation-induced sarcoma by the absence of a soft-tissue 
mass [12, 14]; soft-tissue mass was present to some extent 
in all of our patients. Radiation-induced sarcomas of bone do 
not differ radiographically from de novo lesions [3, 5]. How- 
ever, this complication may be suspected when a suspicious 
bone lesion arises in an area of previous irradiation. 

CT is superior to conventional radiography in the evaluation 
of the intramedullary and soft-tissue extension of osteosar- 
comas [15, 16]. MR imaging was done in only two of our 
patients, and we cannot, therefore, adequately assess its role 
in the evaluation of radiation-induced sarcomas of bone. 
However, MR may be considered complementary to CT be- 
cause CT is superior in the evaluation of the bony cortex and 
new bone formation, whereas MR is superior in the assess- 
ment of intramedullary and soft-tissue tumor extension [17]. 

Radiation-induced sarcoma of bone is a rare occurrence. It 
should be considered, however, when changes occur in the 
appearance of previously stable irradiated bone, particularly 
if an associated soft-tissue mass is present. 
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Commentary 





Optimal Plain Film Imaging of the Shoulder Impingement 


Syndrome 


Ray F. Kilsoyne,’ Praveen K. Reddy,? Frank Lyons,? and Charles A. Rockwood, Jr.” 


The impyngement syndrome is a painful condition of the 
shoulder p:ocuced by mechanical pressure on the supraspi- 
natus tenddn by the anterior portion of the acromion when 
the arm is brought into a position of abduction and/or forward 
flexion [1]. Tre syndrome can be divided into three stages: 
(1) edema and hemorrhage into the rotator cuff; (2) fibrosis 
and tendiniis; and (3) tears of the rotator cuff, biceps tendon 
rupture, and bony spurs [2]. 

Early diagnosis and treatment of impingement syndrome 
may prevert the progression to complete tear of the rotator 
cuff. Because the impingement is due to an abnormally long 
anterior po'ticn of the acromion or a spur on this portion, 
imaging should be directed at visualizing the anterior part of 
the bone. Radiographic examinations of the shoulder are 
frequently inadequate when conventional anteroposterior ra- 
diographs are used because the anterior part of the acromion 
is obscured’by the body of the acromion. By caudally angling 
the X-ray beam., the anterior part of the acromion is projected 
inferiorly to tke remainder of the acromion and becomes 
visible. More sophisticated imaging techniques that can be 
used to diagnese tears of the rotator cuff are limited in their 
ability to shew the anterior part of the acromion. 


Plain Film Ciagnosis of impingement Syndrome 


The key ‘o diagnosis of the impingement syndrome is 
recognition cf the acromial abnormality. A congenital deform- 
ity with an abnormally long anterior process of the acromion 
may be presert or a spur may develop in this region as a 
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degenerative process (Fig. 1). Often this part of the acromion 
is obscured on the conventional anteroposterior radiograph. 
In a series of patients with the impingement syndrome re- 
ported by Hardy et al. [3], 26 (68%) of 38 shoulders showed 
subacromial bony proliferation on conventional radiographs. 
Identification of a spur is enhanced by making fluoroscopic 





Fig. 1.—Conventional anteroposterior radiograph shows a subacromial 
spur on anterior-inferior margin of acromion (arrow). Sclerosis of greater 
tuberosity is thought to be due to cuff degeneration. 
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spot films [4, 5]. When the impingement is long-standing, 
plain radiographs may show sclerosis or irregularity of the 
greater tuberosity, acromioclavicular joint abnormalities, and 
(after rupture of the rotator cuff) superior migration of the 
humeral head. 

To improve early detection of an abnormal acromion, we 
use an erect anteroposterior projection made at a 30° caudal 
angie [5, 6]. This view is easy for the technologist to obtain 
and gives reproducible results (Figs. 2A and 2B). Another 
alternative is a modified transscapular lateral view at a 5°- 
10° caudal angle (the supraspinatus outlet view) to show the 
extent of anterior projection of the acromion [7] (Fig. 2C). 
This view is more difficult for the technologist to obtain, and 
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spurs may be more difficult to see because of superimposition 
of the spine of the scapula or the humeral head (Fig. 3). 


Limitation of Other Imaging Procedures in the Diagnosis 
of Impingement Syndrome 


The emphasis in the past has been on diagnosing tears of 
the rotator cuff, and many methods are available for doing 
this. We think it is more important to diagnose the impinge- 
ment syndrome and to treat it before cuff tears develop. 
Partial as well as complete tears, but not impingement, may 
be seen by use of sonography [8]. The injection of contrast 
medium or air into the subacromial bursa allows delineation 
of the superior surface of the supraspinatus tendon. Subacro- 





C 


Fig. 2.—A, Diagram shows correct position of patient for 30° caudally angled anteroposterior view to show anterior part of acromion. 
8, Diagrams show that no abnormality is seen on conventional anteroposterior projection (top), but an abnormally long anterior acromial spur is seen 


in 30° caudal projection (bottom). Area below dotted line is abnormality. 


C, Diagram shows correct position of patient for supraspinatus outlet view to show anterior part of acromion in lateral view. Patient is positioned for a 


transscapular lateral view, and tube is angled 5° caudad. 





Fig. 3.—A and B, Radiographs show 
appearance of subacromiail spur (ar- 
rows) on 30° caudally angled antero- 
posterior view (A) and on supraspina- 
tus outlet view (B). 
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Fig. 4.—Shoulder arthrogram shows 
partial tear (arrow) of rotator cuff. Con- 
trast medium has intravasated into 
substance of supraspinatus tendon. 
Subacromial spur is not shown. 


Fig. 5.—T2-weighted MF image 
(2000/80) shows complete tear (ar- 
rows) of rotator cuff. Subacromial spur 
is not shown. 


4 


mial bursa! thickening due to impingement or those incom- 
plete tears that involve the upper surface of the tendon can 
be diagnosed with this technique. However, in a clinical series 
of 17 patients undergoing surgery for treatment of impinge- 
ment, a subacromial bursogram showed abnormalities only in 
three [9]. Secme bursograms have been made with the arm in 
abduction to show impingement on the bursa by the acromion 
[5, 9]. 

Conventional shoulder arthrography is an excellent means 
of finding complete tears of the rotator cuff. However, im- 
pingement cannot be diagnosed and partial tears will not be 
visible unless they involve the undersurface of the supraspi- 
natus tendon (Fig. 4). Sagittal plane CT arthrography can 
depict the upper and lower surfaces of the supraspinatus 
tendon, and impingement on the cuff and partial tears may 
be seen [10]. The patient's size and inability to assume the 
necessary position may limit the usefulness of this study. 

Recently, authors have described the abnormal tissue char- 
acteristics of areas of impingement syndrome or rotator cuff 
tear by means of MR imaging [11] (Fig. 5). However, it is 
difficult to distinguish edema from partial or complete tears 
on the basis cf MR images, and the high cost may prohibit 
use of MR as a screening ‘ool. 


Discussion 


The presence of a spur ar abnormally long anterior process 
of the acromion may lead to surgical intervention. Beginning 
with Codman [12] in the 1930s, interest in the surgical treat- 
ment of problems involving the rotator cuff has been increas- 
ing progressively. Codman thought that tears of the cuff were 
due to an intrinsic degenerative process. Later authors, in- 
cluding McLaughlin [13] in 1944, have stressed the impor- 
tance of impingement on the rotator cuff by adjacent struc- 
tures including an abnormaiy shaped acromion [14]. Vascular 
impairment with aging is frequently a contributing factor in 
degeneration of the cuff [18]. 

A careful review of patiert history and physical examination 
are key to-diagnosis of impingement syndrome. The antero- 
posterior radiograph at a 30° caudal angle is helpful in con- 
firming the clinical impression and in selecting patients for 
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surgery. If rest and avoidance of offending maneuvers do not 
relieve symptoms after 3-5 months, surgery is performed to 
remove the anterior part of the acromion, the coracoacromial 
ligament, and/or the subacromial bursa. 

In conclusion, in selecting patients for appropriate treat- 
ment, the detection of an acromial spur is helpful. Of the 
available techniques for imaging this spur, the 30° caudally 
angled anteroposterior radiograph of the shoulder in the erect 
position is the simplest, cheapest, and most reprocucible 
method. In a busy clinical practice, it offers a distinct advan- 
tage over other methods. 
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John L. Gwinn, 1989 Gold Medalist of The Society for 


Pediatric Radiology 


Fred A. Lee’ 


The Society for Pediatric 
Radiology (SPR) was 
founded in 1958 by a small 
group of radiologists with 
special interest in pediatrics 
who met to discuss prob- 
lems and interesting cases 
around a few viewboxes. It 
has grown into a 700-mem- 
ber, well-respected organi- 
zation of a recognized sub- 
specialty of radiology. A 
major contributor to the 
rapid, smooth development 
of our Society is John L. Gwinn, its second secretary-treas- 
urer, who served in that office for 12 years. His dedication to 
service and his leadership have been a guiding force for all 
SPR members. 

John was born and raised on a small farm in Gallipolis, OH, 
and attended Dennison University on a basketball scholarship. 
He received his M.D. in 1946 from the University of Louisville 
Medical School under U.S. Navy sponsorship. After a rotating 
internship at Indianapolis General Hospital, he entered general 
practice in a small town in southern Indiana. He loves to relate 
the story of the time he kept a newly delivered, premature 
baby warm by placing the baby in a shoebox in the oven. 
From this type of experience came his interest in pediatrics. 
He began a pediatric residency at the Mayo Clinic, but it was 
interrupted after 1 year by the outbreak of the Korean War 
and the Navy's callback to active duty. He served at a Naval 
hospital in Japan and on ship duty with the Military Sea 
Transport Service. He was discharged after 2 years. As with 
many of his involvements, he remained committed to the 
Navy, serving for 30 years in the Reserve, and retiring with 
the rank of captain. 

After completing his pediatric residency at the Mayo Clinic 
in 1954, he returned briefly to California to enter the private 
practice of pediatrics. By this time, however, he had been 
exposed to the wonders of radiology, and after 1 year he 
returned to the Midwest for a radiology residency at indiana 
with Jack Campbell. Considering John's background in pedi- 
atrics, it was only natural that his interest rapidly focused on 
pediatric radiology. 





Childrens Hospital of Los Angeles with Pete Peterson, whose 
untimely death in 1961 brought John to the post of radiologist- 
in-chief, a position that he has held with distinction for 28 
years. He is professor of both radiology and pediatrics at the 
University of Southern California Medical School and profes- 
sor of radiology at the Charles R. Drew Post-Graduate Med- 
ical School. 

Under his leadership, the Department of Radiology at Chil- 
drens Hospital of Los Angeles has grown from a two-man 
department into a well-respected complete imaging center. 
John is an excellent teacher, attracting radiology residents for 
rotation in pediatric radiology in his department from all over 
Southern California, Nevada, and Arizona. He has written 
more than 100 papers. He has been bestowed honorary 
membership in many organizations, in the United States and 
abroad. 

Full-time academicians often are accused of being disinter- 
ested or even disdainful of the problems of private practice 
and medical politics. John has always been farsighted enough 
to realize that all of medicine must be united to provide the 
best care to patients. His willingness to participate in local, 
regional, and national groups has resulted in his election to 
numerous high offices, including presidency of the Los An- 
geles Radiological Society, the California Radiological Society, 
and The Society for Pediatric Radiology. He was founder and 
first president of the Pacific Coast Pediatric Radiologists’ 
Association. He also has served as vice-president of the 
American College of Radiology, first vice-president of the 
American Roentgen Ray Society, and second vice-president 
of the Radiological Society of North America. 

By nature and nurture, John embodies the virtues of Middle 
America. His sense of commitment extends to his personal 
life. He met his lovely wife, Patricia, while he was still in 
medical school, and their 45-year union is blessed with four 
fine children and two beautiful grandchildren. 

John’s leadership stems from his talent to see the big 
picture, and his willingness to quietly discuss problems and 
make small compromises so as to achieve the larger, long- 
term goal. The Society for Pediatric Radiology has benefited 
greatly from his gentle, time-proved guidance and continued 
wise counsel. it is only fitting that the SPR bestow on John 
Gwinn its highest honor, the Goid Medal of The Society for 
Pediatric Radiology, on the eve of his retirement as chairman 








Presented at the annual meeting of The Society for Pediatric Radiology, San Antonio, TX, April 1989. 
t Department of Radiology, Huntington Memorial Hospital, Pasadena, CA 91105. Address reprint requests to F. A. Lee. 


AJR 153:798, October 1989 036 1-803X/89/1534-0798 © American Roentgen Ray Society 


Ewell A. Clarke’ 
Robert L. Siegle’ 
Alice K. Gong? 


Received February 27, 1989: accepted after re- 
vision May 23, 1989. 


‘Gepartment of Radiology, The University of 
Texas Health Science Center a&San Antonio, 7703 
Floyd Curl Dr., San Antonio, BX 78284. Address 
reprint requests to E. A. Clarke 


? Department of Pediatrics, The University of 
Texas Health Science Center atSan Antonio, 7703 
FloyeCurtDr., San Antonio, TX78284. 


0361-803X/89/1534-0799 
© American Roentgen Ray Society 


799 


Findings on Chest Radiographs 
After Prophylactic Pulmonary 
Surfactant Treatment of Premature 
Infants 





Clinical trials are underway that use pulmonary surfactant replacement therapy in an 
attempt to prevent respiratory distress syndrome (RDS) in premature infants. This study 
was undertaken to determine the relationship between the clinical course of infants 
receiving prophylactic “first-breath” endotracheal surfactant and their initial posttreat- 
ment radiographs. The study population consisted of 80 premature infants of 24-32 
weeks gestational age. All received 3 ml of calf-lung surfactant extract via endotracheal 
tube at birth. Anteroposterior chest radiographs taken within 1 hr of treatment were 
reviewed and correlated with gestational age, birth weight, days of endotracheal intu- 
bation, mean airway pressure, and days of oxygen requirement greater than 30%. Three 
distinct patterns of radiographic abnormality were encountered: typical RDS with hy- 
poinflation, diffuse granularity, and air bronchograms (30%); central clearing of RDS 
(14%); and disproportionate clearing of RDS in the right lung (8%). No significant 
differences in ventilator requirements or clinical course were seen among these three 
groups. A fourth group (49%), whose posttreatment radiographs showed no evidence 
of RDS, required significantly less ventilatory support. 

Prophylactic first-breath surfactant treatment of premature infants occasionally results 
in radiographic patterns that are atypical for RDS. Familiarity with these patterns and 
their clinical significance will be important if surfactant augmentation becomes prevalent. 
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The efficacy of exogenous surfactant replacement in the treatment of premature 
infants with respiratory distress syndrome (RDS) has been shown in several 
controlled trials [1-6]. Concomitant improvement in the findings on chest radio- 
graphs in these infants has been evident [7-9]. If surfactant is approved, it is likely 
that its use will become commonplace for infants with RDS. 

One of the techniques currently under investigation involves endotracheal admin- 
istration of surfactant to premature infants at the start of respiration in an attempt 
to prevent RDS from developing. There are indications that this “first breath” 
method may be the most efficacious [2, 10-12], but it is also technically the most 
difficult because intubation and surfactant administration must be accomplished in 
rapid sequence in the delivery room. The purpose of this study was to evaluate 
the findings on initial posttreatment chest radiographs in these patients and to 
determine how these findings correlate with the ventilatory requirements and 
subsequent course. 


Subjects and Methods 


Eighty premature infants of 24-32 weeks (mean, 29 weeks) gestational age, born at 
Medical Center Hospital, San Antonio, between April and December 1987 were included in 
the study. Birth weight ranged from 680 g to 1960 g, with a mean of 1247 g. Infants were 
not entered in the study if the obstetrical sonogram or maternal menstrual history indicated 
a gestational age of greater than 32 weeks or if any evidence of dysmorphism was seen. 
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Prematurity was confirmed with standard parameters for postnatal 
estimation of gestational age. The protocol was approved by the 
institutional review board, and informed consent was obtained from 
the mothers. 

The surfactant solution used (Infasurf, Ony Inc., Buffalo, NY) has 
been characterized in detail (1, 2, 10]. It is prepared by organic 
solvent extraction from calf lung and contains approximately 98% 
lipid and 2% protein. A single dose consisted of 90 mg of surfactant 
in 3 mi of normal saline. 

Premature infants were intubated at birth. Surfactant solution (3 
mi) was instilled into the trachea of all patients, before the first breath 
in 69% of cases. This was followed by four deep breaths by hand 
ventilation. The time from delivery to ventilation was less than 1 min. 
Further resuscitation measures did not differ from those usually used 
for premature infants, including placement of an orogastric tube for 
aspiration of gastric contents. Patients then were taken to the neo- 
natal intensive care unit, where standard protocols for ventilatory 
assistance and other treatment were followed. Anteroposterior chest 
radiographs were obtained within 1 hr of surfactant administration 
and as Clinically indicated thereafter. 

Radiographs were evaluated simultaneously by two reviewers who 
did not know the clinical condition of the patient. The patients were 
then grouped according to the predominant pattern on their initial 
posttreatment radiograph (Table 1), and the groups were compared 
retrospectively with the following clinical parameters: gestational age, 
birth weight, method of delivery, days of intubation, mean airway 
pressure, and days of oxygen requirement greater than 30%. 

Statistical analysis was done by using chi-square tests for inci- 
dence data and the unpaired Student's t test for continuous variables. 


Results 


Three distinct patterns of radiographic abnormality were 
encountered on the initial postsurfactant radiographs. Chest 
radiographs of 24 patients (30%) showed the bilaterally uni- 
form appearance of RDS with hypoinflation, air broncho- 
grams, and diffuse granularity. A second group of six patients 
(8%) had chest radiographs showing RDS in the left lung and 
normal aeration in the right lung (Fig. 1); one of these infants 
had good aeration of only the right middle and lower lobes 
(Fig. 2). Chest radiographs of a third group of 11 infants (14%) 
showed selective central clearing of RDS (Fig. 3). Although 
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the peripheral density resembled that of pleural effusion, 
lateral decubitus films and sonograms failed to show pleural 
fluid in these neonates. 

The patterns of asymmetric aeration and central clearing 
tended to resolve in 1-3 days, after which aeration was 
uniform, although RDS persisted. These two patterns also 
were more prevalent early in the study. 

A fourth group of 39 patients (49%) had no evidence of 
RDS on their initial posttreatment chest radiographs. These 
were either normal or showed an interstitial pattern that 
cleared rapidly, consistent with retained fetal lung fluid. This 
group of patients, when compared with the first three groups 
individually or together, was of significantly greater gestational 
age and weight, and required significantly less ventilatory 
support (p < .05). 

No significant differences in gestational age, weight, and 
clinical course were found among the groups of infants with 
RDS, asymmetric aeration, or central clearing. 

The results are summarized in Table 1. Some patients 
breathed before surfactant instillation, and some had surfac- 
tant recovered from the stomach, suggesting esophageal 
instillation. These infants did not display any consistent pat- 
tern on chest radiographs and were randomly distributed 
among the four groups. 


Discussion 


Surfactant replacement therapy for treatment of RDS in 
premature infants was first proposed in 1959 by Avery and 
Mead [13]. Since then, the efficacy of this therapy has been 
established in numerous controlled, randomized clinical trials 
that used various surfactant preparations and timing of ad- 
ministration [1-6, 10, 14]. In this series of 80 infants treated 
with exogenous surfactant at birth, four distinct patterns were 
noted on posttreatment chest radiographs. Our study at- 
tempted to answer questions regarding the clinical signifi- 
cance of these patterns. Efficacy and safety of surfactant 
treatment were not addressed. 


TABLE 1: Characteristics of 80 Surfactant-Treated Infants 
TT Ie eT DTT TC SERIA Tt a SSeS SS SRA 











Radiographic Classification 
Asymmetric Central ey Normal/ 
Aeration Clearing Syndrome Wet Lung 
Number of patients (n = 80) 6 (8%) 11 (14%) 24 (30%) 39 (49%) 
Mean gestation (wk) 28.2 28.3 27.5 30.1 
Mean birth weight (g) 1062 1199 1047 1373 
Range (780-1680) (730-1850) (620-1860) (780-1960) 
Breathing before treatment 3 (50%) 3 (27%) 7 (29%) 12 (31%) 
Esophageal instillation 0 0 3 (13%) 2 (5%) 
Cesarean delivery 2 (33%) 7 (64%) 9 (38%) 18 (46%) 
Mean days O2 > 30% 21.5 13 21.5 2.6° 
Mean days intubated 40 22.5 18.2 2.8° 
Mean airway pressure first 24 
hr (cm H20) 9 5.5 45 1.67 


RETA AER AL ET GU SS TS O RA EE CN I REA 
* Significance p < .05 when compared with each of the other three groups and with the other three groups taken 


together. 
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Fig. 1.—t:hest radiograph shows selective clearing of respiratory distress syndrome in Fig. 2.—Chest radiograph shows selective clearing of 
right lung 6 ar after surfactani administration. severe respiratory distress syndrome in right middie and 
lower lobes 4 hr after surfactant treatment. 


Fig. 3.—.i-C, Chest radiographs in three infants show central clearing 
and residua: peripheral atelectasis at 4 hr (A), 5 hr (B), and 8 hr (C) after 
surfactant aciministration. 
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Reports of the radiographic findings after surfactant therapy 
have focused primarily on differences in the severity of RDS 
between treated and control groups. However, Edwards et 
al. [7] noticed asymmetric aeration, greater in the right lung, 
in three of 18 treated patients. The relevance of this finding 
to the clinical condition of the patients was not noted, although 
intubation of the right mainstem bronchus was documented 
in one case. In our series of 80 treated infants, aeration was 
better in the right lung in six infants. Because RDS typically 
affects both lungs equally, right-sided clearing of RDS in these 
cases suggests that a greater amount of surfactant was 
delivered to the right lung, possibly because the right main- 
stem bronchus was intubated. Such a complication is an 
obvious risk of first-breath administration, because intubation 
and surfactant instillation must be accomplished in rapid 
sequence. 

The appearance of bilateral, central pulmonary clearing of 
RDS in 11 patients has not been described before and resem- 
bles no other disorder of prematurity. Although we initially 
thought that the peripheral density might represent pleural 
effusion, lateral decubitus films and sonograms in six patients 
showed no fluid. Central clearing probably results from ad- 
ministration of an insufficient amount of surfactant to the 
airway, or ineffective hand ventilation after surfactant admin- 
istration, resulting in inadequate distribution of the material to 
the lung periphery. 

Both central clearing and asymmetric aeration were more 
common early in the study, suggesting that experience is a 
factor in proper administration of surfactant to the infant. Both 
patterns improved in 1-3 days to more uniform aeration, 
although usually with some degree of residual RDS. This 
correlates with the lack of any significant differences in dura- 
tion or degree of ventilatory support required by those with 
asymmetry, central clearing, or typical RDS. 

The percentage of patients in our study with no radio- 
graphic evidence of RDS after surfactant therapy (49%) is 
similar to that reported by others [2, 8, 10]. Although some 
of these infants were quite small and had apnea or other 
problems necessitating intubation and respirator support, on 
average these 39 infants were of significantly greater gesta- 
tional age and birth weight than those with pulmonary disease, 
and their ventilatory requirements were considerably less 
(Table 1). Certainly some of these patients would not have 
developed RDS without surfactant treatment. Results of the 
controlled trials cited earlier, however, suggest that the ab- 
sence of significant radiographic abnormality or clinical dis- 
ease in at least some of these infants is due to the beneficial 
effects of surfactant therapy. Because treatment occurs be- 
fore RDS can be diagnosed, all babies receive treatment that 
only some need. This represents a potential shortcoming of 
the first-breath method of surfactant delivery. 
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In summary, first-breath endotracheal instillation of surfac- 
tant yielded four distinct patterns on initial posttreatment 
radiographs. Although most infants showed normal/wet lungs 
or some degree of RDS, approximately 20% showed asym- 
metric aeration or central clearing. The last two patterns are 
felt to be related to technical factors of surfactant delivery; 
however, the ventilator requirements and clinical course of 
these infants were not significantly different from those of the 
infants with RDS. If surfactant augmentation becomes com- 
monplace, familiarity with these patterns and their implications 
will be important to the radiologist. 
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CT Evaluation of Blunt Abdominal 
Trauma in Children: Comparison of 
Ultrafast and Conventional CT 





Previous reports describing the use of ultrafast CT have emphasized its value in 
evaluating the heart, chest, and airway. We describe our experience using this technol- 
ogy on children with blunt abdominal trauma. We retrospectively reviewed 54 consecu- 
tive ultrafast CT studies and 30 consecutive conventional dynamic CT studies performed 
on children after blunt abdominal trauma. Thirty percent of the scans showed abnor- 
malities. CT or pathologic follow-up was available for all abnormal cases. We compared 
scans made with these two techniques for diagnostic accuracy, amount of visible motion 
on each slice, and contrast enhancement seen on each study. A protocol of 0.4-sec 
images and 2 mi/kg IV contrast material administered before scanning was used for the 
ultrafast CT scans. A standard protocol of 2-sec scanning and 3 ml/kg IV contrast 
material was used for conventional CT studies. There was no difference in diagnostic 
accuracy between the two techniques. There was significantly less visible motion (p < 
.0001) and significantly better contrast enhancement (p < .0001) seen on the ultrafast 
CT studies. Two of 54 ultrafast scans had images with sufficient motion to require 
repeated scanning, compared with 13 of 30 conventional CT studies. In addition, ultrafast 
scans required less sedation, decreased radiation dose, and improved accessibility of 
the patient to support personnel. 

Ultrafast CT is a valuable technique for abdominal imaging, offering equal diagnostic 
accuracy with improved image quality and important benefits to the patient. 
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The imatron C-100 ultrafast CT scanner (Imatron, South San Francisco, CA) 
uses a scanning electron beam instead of an X-ray tube and provides scanning 
times as much as 40 times shorter than conventional CT scanners [1]. Most reports 
of this new technique have emphasized its value in the examination of rapidly 
moving structures that cannot be studied well with other CT scanners [2, 3]. These 
studies have emphasized the value of 50-msec scanning times, despite lower 
resolution. However, ultrafast CT can be performed in a high-resolution mode. This 
mode uses a 512 x 512 instead of a 256 x 256 matrix, uses additional collimation, 
and averages multiple sequential scans at the same level to provide greater photon 
density. In this manner, the ultrafast CT scanner can perform conventional exami- 
nations with resolution comparable to that of conventional scanners [4], but at a 
rate of 5-20 times faster than conventional scanners. 

We have used the Imatron C-100 ultrafast CT scanner for general CT scanning 
since May 1987. The current study was performed to compare ultrafast CT (UFCT) 
with conventional dynamic CT (DCT) in the evaluation of acute abdominal trauma 
in children. CT scanning of the pediatric trauma patient is frequently challenging. 
There is limited time to prepare the patient, and patients are often uncooperative. 
Sedation, used extensively in pediatric patients, may be contraindicated. For these 
reasons, pediatric trauma CT provides an opportunity to evaluate CT scan quality 
under difficult clinical conditions. 

It was our clinical impression that UFCT images were routinely superior to DCT. 
To assess this impression objectively, we undertook this retrospective review to 
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compare UFCT and DCT, including specific comparison of 
diagnostic accuracy, visible motion of the patient, and con- 
trast enhancement. 


Materials and Methods 


All patients included in the study were children in whom CT scans 
were obtained for the evaluation of acute abdominal trauma. The first 
54 examinations performed with the Imatron C-100 (5/22/87 to 1/ 
22/88) and the last 30 studies performed with the Technicare 2020HP 
(Technicare, Solon, OH) (7/5/86 to 5/19/87) were reviewed. No 
patients were excluded. The film record of each study was reviewed. 
While the studies were being done, no changes were made in 
indications for CT scanning, sedation, or restraint of the patient, and 
no changes were made in filming practices. 

Studies on the ultrafast CT scanner were performed with scanning 
times of 0.2-0.8 sec/scan with most scans obtained at 0.4 sec. 
Megiumine contrast material (2 ml/kg 60%) was injected by rapid IV 
bolus immediately before scanning. Six-millimeter slices at 8-mm 
intervals were obtained from the bottom of the kidneys to the dia- 
phragm. 

Studies on the conventional CT scanner were performed with 
dynamic 2-sec scans and 3 mi/kg 60% meglumine contrast material. 
Half the contrast material was administered by rapid bolus immedi- 
ately before scanning, and the remainder was injected during scan- 
ning. Contiguous 1-cm slices were obtained from the bottom of the 
kidneys to the diaphragm. This standard protocol has been reported 
[5, 6]. 

Each study was reviewed by a pediatric radiologist, who made a 
diagnosis without knowledge of clinical information or follow-up. All 
images, including repeated slices, were included. This interpretation 
was then compared with the results of follow-up CT or autopsy. 

Contrast enhancement in each study was rated on a three-point 
scale, identifying the bolus and nonequilibrium phases of contrast 
enhancement [7]: (1) excellent: good hepatic and aortic contrast on 
highest slice in the liver, and arteriovenous contrast difference seen 
on lowest slice in aorta and inferior vena cava; (2) fair: highest or 
lowest slice (but not both) same as excellent rating; (3) poor: poor 
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arterial contrast overall. Repeated slices were not included in this 
analysis. 

All slices then were graded for the amount of visible motion. There 
were 844 images obtained with UFCT and 396 obtained with DCT. 
A 1-to-4 scale was used: 1 = no motion, all visceral margins were 
sharply defined; 2 = slight motion with slight blurring of margins, but 
no loss of diagnostic information; 3 = moderate motion, with inter- 
faces between structures of similar attenuation difficult to determine, 
causing a loss of subtle diagnostic information; 4 = severe motion, 
with loss of definition of all structures, causing loss of major diagnostic 
information. A motion score was determined by adding the above 
score for each slice in the study and dividing by the number of slices 
to provide an indicator of average visible motion in each study. 

The contrast bolus and motion scores in the two groups were 
compared by using an unpaired two-tailed t test. 

Fifty-four patients were studied with UFCT, 30 boys and 24 girls. 
Ages ranged from 15 months to 17 years (mean, 9.4 years). Thirty 
patients were studied with DCT, 21 boys and nine girls. Ages ranged 
from 4 months to 18 years (mean, 8.1 years). Overall, 25 of 84 cases 
showed abnormalities. Fifteen (28%) of the 54 UFCT studies showed 
abnormalities. Eight patients had splenic trauma (Fig. 1A), four had 
hepatic trauma (Fig. 1B), two had renal trauma (Fig. 1C), and one 
had abdominal wall trauma. Ten (33%) of the 30 DCT studies showed 
abnormalities. Four patients had renal trauma (Fig. 2A), three had 
splenic trauma (Fig. 2B), three had hepatic trauma (Fig. 2C), and one 
had pancreatic trauma. CT follow-up was available in 24 patients; 
pathologic follow-up was available in one patient who died. 


Results 


There was one diagnostic error in the DCT group; a patient 
whose CT scan was felt to show hepatic trauma (Fig. 3). The 
patient died from head trauma and had no hepatic abnormal- 
ity. 

The degree of contrast enhancement in UFCT and DCT is 
compared in Figure 4. Forty-three of 54 UFCT studies had 
excellent, nine had fair, and two had poor contrast enhance- 
ment. Eleven of 30 DCT studies had excellent contrast en- 
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Fig. 1.—Parenchymal trauma shown on ultrafast CT scans. imatron C-100, 0.4-sec imaging time with 2 mi/kg IV contrast material. 

A, Splenic fracture (arrowheads) with perisplenic hematoma (arrow) sustained by 6-year-old boy in a motor-vehicle accident. 

B, Deep, linear liver laceration (arrows) sustained by 10-year-old girl in a fail. 

C, Partial devascularization of left kidney (arrows) sustained by 8-year-old boy in a motor-vehicle accident. Note lack of enhancement of left kidney 
with retrograde venous filling compared with normal right kidney. A perisplenic hematoma (arrowhead) and a rib fracture with abdominal wall hematoma 


(open arrow) also are seen. 
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Fig. 2.—-Pazenchymal trauma shown on conventional CT scans. Technicare 2020HP, 2-sec scanning with 3 ml/kg bolus contrast material. All injuries 


were sustained in motor-vehici2 accidents. 


A, Partial devascularization of right kidney in 6-year-old boy. Lateral portion of right kidney does not enhance (arrows). 


B, Splenic fracture (arrows) in 3-year-old girl. 


C, Stellate laceration of right lobe of liver (straight solid arrows) in 5-year-old giri. Hemoperitoneum (open arrows) and a pulmonary contusion in left 


lower tobe (cueved arrows) also are seen. 





Fig. 3.—Faise-positive conventional CT scan. Low attenuation areas in 
posterior segment of right lobe estraight arrows) and caudate lobe (curved 
arrow) 2f liver were thought to indicate hepatic trauma. Liver was normal 
at autopsy. Note severe motion artifact and poor contrast enhancement. 


hancement. Thirteen studias had fair and six had poor con- 
trast enhancement. Contrast enhancement was significantly 
betterin the UFCT group (unpaired t value = —4.3, p < .0001). 

Comparison of the degree of visible motion is shown in 
Figure 5. Of 844 images abtained with UFCT, 609 showed 
no metion, 218 slight motion, 15 moderate motion, and two 
severe motion. Of 54 studies, two included one or more slices 
with severe motion. Of 396 images obtained with DCT, 53 
showed no motion, 255 slight motion, 86 moderate motion, 
and 32 severe motion. Foarteen of 30 studies included one 
or more slices with severe motion. Visible motion was signif- 
icantly less in the UFCT group (unpaired t value = —10.239, 
p < .0901). 

Sedation was used in theee patients in the DCT group and 
in none of the UFCT patieris. 






CJ uiatast CT 
n=54 


[74] Dynamic CT 


% 
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Fig. 4.—Comparison of bolus contrast enhancement in ultrafast and 
conventional CT. Contrast opacification shown by each study was scored 
as follows: excellent = good hepatic and aortic contrast on highest slice 
in liver, and arteriovenous contrast difference seen on lowest slice in aorta 
and inferior vena cava; fair = highest or lowest section (but not both) same 
as excellent rating; poor = poor arterial contrast overall. Repeated slices 
were not included in this analysis. 


Discussion 


The improved quality of UFCT as compared with DCT is 
due to shorter scanning time. This reduces movement of the 
patient, which reduces motion unsharpness and decreases 
overail examination time, allowing greater contrast enhance- 
ment throughout the study. Our findings show that UFCT 
provides improved image quality. 

Because there was only one diagnostic error in the study, 
we cannot show an increase in diagnostic accuracy. This is 
not unexpected, because DCT is already a highly accurate 
means of detecting abdominal injuries [7-9]. However, im- 
provement in image quality with UFCT is still an important 
advantage. The one diagnostic error occurred in a patient in 
whom the scans were markedly degraded by motion (Fig. 3). 
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Fig. 5.—-Comparison of visible motion of patient in ultrafast and conven- 
tional CT. Visible motion on each slice was scored as follows: none = all 
visceral margins were sharply defined; slight = blurring of margins, but no 
loss of diagnostic information; moderate = interfaces between structures 
of similar attenuation difficult to determine, causing a loss of subtle 
diagnostic information; severe = loss of definition of all structures, causing 
loss of major diagnostic information. 


Repeated scans also were impaired by motion, and there was 
little contrast enhancement on the repeated images. The 
study could not be completed satisfactorily because the pa- 
tient required immediate neurosurgery. Because motion of 
the patient can be an important factor in showing abdominal 
trauma, studies involving a large number of patients may well 
show an improvement in diagnostic accuracy with UFCT. 

In addition to improvements in image quality, UFCT has 
other advantages. The short examination time is valuable 
when the very ill patient requires a CT scan. The actual 
scanning time is usually less than 30 sec. Support personnel 
must leave the patient for only this brief period. Injection of 
contrast material, scanning, and first and last slice reconstruc- 
tion can be completed in less than 2 min. 

Severe motion, requiring repeated scans, was found in two 
of 54 UFCT studies and in 13 of 30 DCT studies. If all such 
slices were repeated, additional imaging would be required in 
4% of UFCT studies and in 43% of DCT studies. The need 
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to repeat slices would increase the time the patient must 
spend in the radiology department. 

Although we were able to use less contrast material for the 
UFCT studies, a lower dose can be used for DCT examina- 
tions. Thus, a lower dose is not an advantage of the UFCT 
examination. Our study shows that there is less need to 
sedate patients when UFCT is used than when DCT is used. 
image quality was better with UFCT, despite the fact that no 
sedation was used with UFCT and 10% of the DCT patients 
were sedated. 

The 0.4-sec scan protocol used for the UFCT scans re- 
quires a dose of 1.0 rad (0.01 Gy) (32-cm phantom, center 
dose). This is lower than the 1.3 rad (0.013 Gy) dose mea- 
sured by the same technique on a GE 9800 CT scanner 
(General Electric, Milwaukee, WI) with a protocol of 1-cm 
contiguous slices (R. G. Gould, personal communication). 
Reported comparisons of different CT scanners also indicate 
that UFCT uses a smaller X-ray dose than do DCT scanners 


[4]. 
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Reliability of Voiding 
Cystourethrography to Detect 
Reflux 





To our knowledge, the reliability of the voiding cystourethrogram for showing vesi- 
coureteral reflux has not been established. Therefore, we evaluated the procedure in 
207 children, each of whom underwent voiding cystourethrography with two or more 
bladder fillings and voidings. The results showed a discrepancy of presence and/or 
grade of vesicoureteric reflux from one filling to the other in 22 (12%) of 177 patients 
with two cycles and in six (20%) of 30 patients with three cycles. No changes were 
observed with cyclic voiding in cases of grade IV reflux (large, tortuous ureters with 
pelvic dilatation and caliceal clubbing). The grading of reflux was upgraded from 0 to 
grade | (into ureter only), I! (ureter and collecting system), Ill (distension of pelvis and 
calices) by a second voiding cycle in only 3% of patients and by a second and third 
cycle in 4%. Reflux was downgraded by the second or third filling in a similar percentage. 
Most changes occurred between minor grades of vesicoureteric reflux. With two fillings, 
the percentage of agreement of the test (including all grades of reflux) for patients with 
abnormal findings during the first voiding study was 64%; the percentage of agreement 
for patients with normal results on the first voiding cystourethrogram was 96%. 

Voiding cystourethrography is a less reliable test for grading reflux than for docu- 
menting the absence of vesicoureteric reflux. Although voiding cystourethrography is a 
good test to rule out reflux, its diagnostic reliability can be enhanced by a second 
voiding cycle. 
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Retrograde voiding cystourethrography (VCUG) with contrast medium came into 
widespread use around 1958, when fluoroscopes with image intensification and 
cine recording became generally available [1]. It became the method of choice for 
detection and grading of vesicoureteric reflux and the standard for comparison 
with newer methods of assessment of reflux such as isotope VCUG [2, 3] and 
sonography [4, 5]. Vesicoureteric reflux is an intermittent phenomenon, so differ- 
ences in presence and degree of reflux on repeated VCUG have been noted [6]. 
Cyclic voiding has been recommended for improved demonstration of reflux from 
ureters which insert into the urethra [7]. However, to our knowledge, no study has 
been done to determine the percentage of agreement between an initial study and 
subsequent examinations in the diagnosis and grading of reflux. 

The purpose of this study was to establish the reliability of VCUG by repeating 
the VCUG and comparing the results of a consecutive second and/or third cyclic 
filling and voiding to the first study, with the result of the initial VCUG serving as 
the standard for the presence and grading of reflux. 


Materiais and Methods 


Between January 1986 and October 30th, 1987, 177 patients had two consecutive bladder 
fillings and voidings for VCUG, and 30 had three such fillings and voidings. There were 65 
boys and 112 girls with two cycles and 17 boys and 13 giris with three cycles. One hundred 
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sixty-four children were referred because of urinary tract infection, 
23 with prenatally or postnatally diagnosed urinary tract malforma- 
tions (including posterior urethral valves, anal atresia with fistulas into 
the lower urinary tract, hydronephrosis on prenatal sonograms), 15 
with voiding problems (enuresis, dysuria, neurogenic bladder), three 
with hematuria, and two with familial reflux. All had sonograms made 
before VCUG. 

The age of the patients varied from 4 days to 15 years; the majority 
(112 patients) were less than 1 year old, 67 were less than 5 years 
old, and only 18 were school children or adolescents. Most of these 
18 patients had voiding problems or came for follow-up of known 
vesicoureteric reflux and recurrent infections. 

In our hospital, children have VCUG done after insertion of a 5- or 
8-French infant-feeding tube into the bladder [6]. Renografin 15% 
warmed to body temperature is instilled by drip infusion. The patient 
voids around this catheter, which is left in the bladder until the spot 
films, obtained during fluoroscopy, have been checked. A second 
study sometimes is done for various medical or technical reasons. 
No recatheterization is necessary. However, fluoroscopy time is 
increased usually by 10 sec but sometimes by up to 30 sec. There- 
fore, repeated VCUG after a normal first study is done only for good 
clinical or technical reasons. Interpretation of the VCUG usually was 
done by a radiologist other than the sonographer. Results of the 
preceding sonography or other examinations, such as previous VCUG 
or IV pyelography or renal isotope studies, always were available to 
the radiologist who supervised the VCUG. All images obtained during 
VCUG and the patients’ records were reviewed retrospectively by 
the authors. 

Reasons for the cyclic bladder fillings and voidings with contrast 
material were intermittent visualization of the distal ureters during a 
preceding sonographic examination, marked discrepancy in size of 
the kidneys on sonograms, previously documented reflux and ongo- 
ing infections, complex congenital malformations, and occasionally 
radiographic equipment failure leading to inadequate documentation 
of reflux that was suspected fluoroscopically. All fluoroscopic exam- 
inations were recorded on a closed-circuit videotape. Discrepancy 
between the initial video image and failed radiographic documentation 
of a first VCUG and subsequent spot film radiographs on cyclic 
voiding were considered sufficient evidence of a discrepancy between 
two consecutive VCUGs. 

Vesicoureteric reflux was graded according to the international 
grading system: grade | = into ureter only, grade Il = into ureter and 
upper collecting system without distension of the renal pelvis, grade 
It! = distension of the renal pelvis and the calices without permanent 
caliceal clubbing, and grade IV = large, tortuous ureter, pelvic and 
caliceal dilatation, and caliceal clubbing. (Grade V = all features of 
grade IV with intrarenal reflux; this did not occur in this group of 
patients.) 

To assess bias in selection of patients, the group of children who 
underwent cyclic VCUG was compared with a group of 100 consec- 
utive patients who underwent single-filling VCUG. The latter group 
consisted of 32 boys and 68 girls. Nineteen boys and 53 girls had 
urinary tract infection (sometimes remote), 19 had voiding problems, 
four had congenital anomalies, and five had various problems such 
as hematuria or suspected urethral trauma. In one patient, reflux was 
seen as an incidental finding during sonographic examination for 
pyloric stenosis (grade IV reflux was confirmed by VCUG). Twenty- 
two patients were less than 1 year old, 61 were between 1 and 5 
years old, and 17 were between 5 and 15 years old. Only one bladder 
filling and voiding was done in these patients, because either the first 
voiding showed significant reflux, the patients were older and there- 
fore less at risk to develop reflux nephropathy, or a preceding 
sonogram or IV urogram had been normal. All results were reviewed 
retrospectively by the authors. 
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Results 


In the group of patients who underwent two-filling VCUGs, 
a discrepancy in the results between two cycles was found 
in 22 patients and 29 ureters. The second cycle changed the 
grading from 0 to | in five ureters, from 0 to II in five ureters, 
from 0 to Ill in one ureter, from grade | to Ii in one ureter, 
from grade | to 0 in nine, from li to 0 in six, from Il to I in one, 
from lil to II in another ureter. The results of the initial cycle 
as compared with the second cycle of all ureters are sum- 
marized in Table 1; identical results on both fillings are in 
boldface type. 

Table 2 shows that most differences occurred in minor 
grades of reflux. No grade IV reflux was missed on either of 
two voidings. In Table 3, these differences are outlined as 
positive results, negative results, or difference in results, with 
the first-filling VCUG as the standard. Differences of results 


TABLE 1: Presence and Grading of Vesicoureteric Reflux on 
Two Consecutive Voiding Cycles 


a a rene aE 











Initial Second Interpretation 
Interpretation o i un m W Total 
0 222 5 5 1 0 303 
l 9 1 1 0 Ọ 22 
il 6 1 12 0 0 19 
mM 0o 0 1 7 0 8 
IV 0 0 0 0 1 1 
Total readings 307 18 19 8 3 353 


Note.—Boldface numbers = same grading on both fillings, 0 = no reflux, | 
= reflux into ureter only, Il = reflux into ureter and nondilated pelvis, Ill = 
distension of pelvis and calices during reflux, IV = large, tortuous ureter and 
clubbing of calices, Interpretation = assessment of reflux into a ureter (one 
patient had a solitary kidney). 


TABLE 2: Concordance or Difference in Grading of 
Vesicoureteric Reflux on Two Consecutive Voiding Cycles 











Grade 
Results of Two Fillings co ~ 

0 I It Wt IV Total 

Concordant 292 12 12 7 1 324 

Different 14 10 7 1 0 29 

Total 303 22 19 8 1 353 
ANOS MASE cS TE OE TESS OSEE EEEE EEEE SORE 
Note.—0 = no reflux, | = reflux into ureter only, Il = reflux into ureter and 
nondilated pelvis, lil = distension of pelvis and calices during reflux, IV = large, 


tortuous ureter and clubbing of calices. Total number of interpretations = 353 
{one patient had a solitary kidney). 


TABLE 3: Positive or Negative Results of the Second Filling 
Voiding Cystourethrogram Compared with the Initial Study 











Initial Second Interpretation 
Interpretation Positive Negative Total 
Positive o 32 (agrees) _ 18 (disagrees) 50 
Negative 11 (disagrees) 292 (agrees) 303 
Total 480 ©6310 353 


Note.—interpretation = assessment of reflux into a ureter. 
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of the secend and/or third cyclic VCUG are considered false- 
positive if reflux occurree only on repeated VCUG, the initial 
one having been normal, and false-negative if initially docu- 
mented redux could not de reproduced by repeated VCUG. 
Coneordart-positive reflux was seen and graded the same 
on each cyclic voiding. Concordant-negative reflux indicated 
absence of vesicoureteric reflux during all cyclic voidings. This 
permits cæculation of the percentage of agreement for the 
presence cf reflux and also the percentage of agreement for 
the absence of reflux om cyclic VCUG. In the presence of 
reflux initialy, this percentage is 32 divided by 50, or 64%. in 
the absence cf reflux initially, it is 292 divided by 303, or 96%. 
The everalepercentage of:agreement is (32 + 292) divided by 
353, or 92. Because of the unequal number of negative 
(303) and pesitive (50) initial cases, the Youden J index was 
computed &, 9]. With this better estimate, the overall per- 
centage of agreement drops to 60% from 92%. However, the 
agreement between initial and second assessment of reflux 
is fair to goed according to the kappa statistics [10], which 
measure the index of agreement between two assessments 
and compute the probability of the statistical significance of 
this index. t equals 67% and, thus, is highly significant (p < 
.001). In oter words, the concordance between cyclic void- 
ings outweighs the nonconcordance of the results. The con- 
cordance between the first, second, and third assessments 
of reflux, based on the same calculations done for three cyclic 
voidirgs in 30 children (results depicted in Tables 4 and 5), 
shows an overall percentage of agreement of 91%. In absence 
of reflux initally, the percentage of agreement is 104/110, or 
95%, and ir the presence of reflux initially, it is 5/10, or 50%. 
According te kappa statistics, it equals 47% (p < .05). 

In the group of 100 chiidren who underwent single-filling 
VCUG, 77% of the studies were normal, grade | reflux was 
seen in 1%, grade Il in 9%, grade Ill in 10%, and grade IV in 
3%, 


Discussion 


Most VCUGs in early childhood are obtained in patients 
with urinary tract infectioa to detect vesicoureteric reflux. 
Once the acute infection has resolved and reflux has been 


TABLE 4: Presence and Grading of Vesicoureteric Reflux on 
Three Gonseeutive Voiding Cycles 











initial Third interpretation 

Interpretation 0 1 ot WW Total 
0 104 1 4 1 0 110 

{ 0 1 0 0 0 1 

tl 3 1 2 0 0 6 

all 1 0 0 0 0 1 

iV 0 0 0 0 2 2 

Total 108 3 6 1 2 120 





Note.—Boidfece numbers = same grading on all fillings. 0 = no reflux, | = 
reflux inte ureter ently, Il = reflux intoureter and nondilated pelvis, Ili = distension 
of pelvis and cales during reflux, iV = large, tortuous ureter and clubbing of 
calices. interpretation = assessmer® of reflux into a ureter. 
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TABLE 5: Concordance or Difference in Grading of 
Vesicoureteric Refiux on Three Consecutive Voiding Cycles 











Results of Oe 
Three Fillings 0 | i Ht IV 
Concordant 104 1 2 0 2 
Different 6 0 4 1 0 
Ncte.—0 = no reflux, | = reflux into ureter only, fl = reflux into ureter and 
nondiiated pelvis, lll = distension of pelvis and calices during reflux, IV = large, 


tortuous ureter and clubbing of calices. interpretation = assessment of reflux 
into a ureter. 


documented, prophylactic treatment will be started to prevent 
further infections until the reflux has disappeared. In many 
centers, VCUG is the initial radiographic procedure for inves- 
tigation of the urinary tract in children with urinary tract 
infection [11]. Subsequent imaging of the urinary tract by 
excretory urography or sonography depends on the result of 
VCUG. 

Our study shows that the reliability of showing reflux by 
VCUG depends on the severity of the reflux. Only grade IV 
reflux was shown by VCUG with 100% reliability. On the basis 
of the single case of grade IV reflux in our group of patients, 
the reliability for detecting this grade of reflux cannot be 
evaluated statistically. Grade Ill was modified by a second 
cyclic voiding in one ureter out of eight (13%), grade Il in 
seven of 19 (37%), and grade | in 10 of 22 (45%). The second 
voiding upgraded or downgraded the reflux in 12%. The 
statistical results do not represent the clinical value of the 
VCUG, which is aimed at detecting, rather than excluding, 
vesicoureteral reflux. Only initially false-negative results are 
of clinical importance. If a second voiding showed reflux that 
was missed during the first one, it was the second one that 
determined the clinical management of the patient. 

In one patient, a second cyclic voiding changed the grading 
of refiux from 0 to Ill. The discrepancy of the results between 
the two cycles could be due to the paraureteric bladder 
diverticulum next to the refluxing ureter, which filled only 
during the second cycle. Such diverticula are a known cause 
for occasionally false-negative VCUGs [12]. As they do not 
tend to regress with time as does primary reflux and often 
require surgery, cyclic VCUG was particularly important for 
this patient. 

In one patient in whom three cyclic voidings were done 
because it was difficult to image the urethra, reflux grade Ill 
into a lower moiety of a duplex kidney was seen during the 
first and last voiding cycle, but not during the second. 

By no means do we advocate multiple fillings in all children. 
Obviously, when grade Ill or IV reflux is seen on a first-filling 
VCUG, no cyclic voidings are necessary. This explains the 
very small number of children in this series of patients with 
major reflux and multiple-filling VCUG as compared with a 
much larger number of children with grade Ill or IV reflux with 
a single-filling VCUG. 

To select patients who might benefit from cyclic voidings, 
we suggest that in children with urinary tract infection a 
sonogram be obtained before VCUG. Detection of a marked 
discrepancy in kidney size and/or intermittent dilatation of the 
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ureters on the sonogram should increase suspicion of the 
presence of reflux. In these cases, a second filling VCUG 
should be obtained if the first one is normal, to enhance the 
diagnostic accuracy of the VCUG. As it is well known that 
infants and young children are more at risk of developing 
renal damage with urinary infection than older children, cyclic 
voiding might benefit patients in the first years of life. 
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Pictorial Essay 





Radiographic Evaluation of Velopharyngeal Incompetence 


in Ch idhooc 


Lori L. Barr,’ C. Keith Hayden, Jr.,' Lesley C. Hill,? and Leonard E. Swischuk’ 


Velophar:mgeal incompetence, inadequate closure of the 
velopharyngeal portal, includes a spectrum of congenital and 
acquired abnormalities that usually become apparent with the 
onset of speech [1]. The epening between the velum or soft 
palate and tae pharynx (ve!opharyngeal portal) must be closed 
by coordinated muscular action to permit normal speech and 
deglutition. madequate clesure becomes most apparent with 
the onset ot speech. Optimal evaluation of the speech prob- 
lems is perfermed when the child is about 5 years old [2]. 


Technique 


A combination of audic-enhanced videofluoroscopy and 
105-mm spat films is used; both the radiologist and the 
speech pathologist are present. This technique has been 
successful ir more than 259 patients with suspected velopha- 
ryngeal incompetence at oar institution. 

Audio-enhanced videoflaoroscopy is most important in 
studying the motion of the velum and the pharyngeal walls 
during the „utterance of certain phrases and connected 
speech. In koth the lateral and frontal projections, patients 
repeat the parases, “eat the peach,” “pet the pretty puppy,” 
“kick the cat.” and “I wear pampers.” Hard-copy 105-mm spot 
films are obtained in the lateral and frontal projections at a 
frame rate o 2/sec during quiet breathing and prolonged e 
and s phonation. Subsequent videofluoroscopy and spot film- 
ing in the frosta! projection ‘either submentovertex or antero- 
posterior views) are perfomed after instillation of 2 mi of 
barium througn the nostrils to coat the nasopharynx. 


Physiology 


The velum is made up of a number of paired muscies 
anchored by the pterygoid bones and palatine aponeurosis. 
In phonation, these muscles lead to combined elevation of 
the velum, slight anterior displacement of the posterior pha- 
ryngeal wall, and inward movement of the lateral pharyngeal 
walls [2]. During quiet breathing, the velum hangs downward 
and the pharyngeal walls are relaxed, resulting in the so-called 
velopharyngeal portal (Figs. 1A and 2A). With phonation, the 
velum moves upward and posteriorly to assume a right angle 
configuration and apposes the posterior pharyngeal wall (Figs. 
1B and 2B). The posterior pharyngeal wall moves forward, 
but usually no more than 4 mm. In some cases, a focal 
elevation of the posterior pharynx develops; this has been 
termed Passavant’s ridge and appears to be a physiologic, 
accommodative phenomenon to enhance closure of the velo- 
pharyngeal portal (Figs. 1C and 2C). On radiographic evalua- 
tion, this is identified as a transient bump visualized during 
phonation but disappearing during rest (Figs. 1C and 2C). 
Media! movement of the lateral pharyngeal walls at, or just 
below. the level of the palate is seen on the submentovertex 
or anteroposterior views (Figs. 3 and 4) [3]. 


Abnormalities 


Congenital abnormalities are responsible most often for 
velopharyngeal incompetence in children. Most anomalies 
occur within the spectrum of facial cleft abnormalities, most 
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of which are apparent at birth. The mildest cleft variant 
consists of a muscular defect at the midline of the soft palate, 
or a hypoplastic soft palate, and may go undetected until the 
onset of speech [1, 2]. These structural abnormalities, con- 
sisting primarily of a short, hypoplastic velum and impaired 
velar and lateral wall motion, are easily identified during radio- 
graphic evaluation (Fig. 5) [4]. 

Hypernasal speech is a common symptom of patients with 
functional abnormalities resulting in velopharyngeal incompe- 
tence. Causes include any condition that leads to dysmotility 


~J > 
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x 


AJR:153, October 1989 


cr paralysis of the soft palate and pharyngeal muscles, such 
as cerebral palsy, closed head injury, demyelinating diseases, 
and muscular dystrophy (Fig. 6). 

Children may demonstrate speech deterioration after var- 
ious surgical procedures such as adenoidectomy. Usually this 
is caused by a congenitally deep velopharyngeal portal, which 
is masked by the presence of adenoidal tissue. When the 
adenoidal bulk is decreased surgically, velopharyngeal incom- 
petence ensues (Fig. 7). 

Treatment of velopharyngeal incompetence in children in- 


Fig. 1.—Schematic drawings of nor- 
mal palate, lateral position. 

A, During quiet breathing, palate or 
velum (diagonal hatching) rests on 
tongue base. 

B, With phonation, velum rises and 
forms a right-angle configuration ap- 
posing adenoidal pad. 

C, In some patients, an accommo- 
dative Passavant ridge (P) arises from 
posterior pharyngeal wall to meet pal- 
ate. 


Fig. 2.—Radiographs of normal pal- 
ate, lateral projection. 

A, With quiet breathing, palate or 
velum (V) rests on tongue base. Aden- 
oidal pad (A) is normal. 

8, With phonation, velum rises and 
forms a right-angle configuration (ar- 
row) as it apposes adenoidal pad. 

C, Another patient in whom, with 
phonation and elevation of velum (V), 
an accommodative Passavant ridge (P) 
is seen. 





Fig. 3.—Schematic drawings of normal lateral pharyngeal walis, frontal positions. 
A, Submentovertex position. With quiet breathing, lateral pharyngeal walls (L) are far apart. 
B, Submentovertex position. With phonation, lateral walls approximate at midline and close velopharyngeal portal by meeting velum (diagonal hatching) 


and posterior pharyngeal wall (stippling). 


C, Anteroposterior position. With quiet breathing, lateral pharyngeal walls are far apart. 
D, Anteroposterior position. With phonation, walis meet at midline and close velopharyngeal port by meeting posterior pharyngeal wall (stippling). 











Cc D 


Fig. 4. Radiographs of normal latera! pharyngeal walls, frontal projections. 

A, Submentovertex view. With quiet breathing, lateral pharyngeal walls are far apart (arrows). 

B, Submentovertex view. With phonation, walls approximate at midline, markedly narrowing velopharyngeal port (arrows). 
C, Anteroposterior view. With quiet breathing, lateral walls are far apart (arrows). 

D, Anteroposterior view. With phonation, walls come to midline (arrows). 


Fig. 5.—Short velum with cieft pal- 
ate. 

A, Lateral view, quiet breathing. Note 
short, plump velum (arrows). 

B, With phonation of letter e. velum 
(V) rises and forms a reasonalile right 
angle, but faiis to meet adenoitial pad 
(A). An air gap (arrow) persists. 

C, With phonation of letter s, the 
same gap is seen (arrow). 

D, Submentovertex view, quiet 
breathing. Note position of lateral pha- 
tyngeal walls (arnows). 

E, With phonation of jetter e, walls 
move inward but only slightly (arrows). 

F, With phonation of letter s, walls 
still remain too far apart (arrows). 
These patients sequire surgery or a 
prosthesis. 


Fig. 6.—Functicnal abnormality: pa- 
ralysis of pharynx. 

A, Lateral view. Note position of 
velum (V) on quiet breathing. 

B, With phonatien of letter e, velum 
(V) rises, but a small air gap persists 
between it and adenoids (A). 

C, With letter s, air gap is obliterated 
(arrow). 

D, Submentovertex view, quiet 
breathing. Note normal position ef lat- 
eral pharyngeal wail (arrows). 

E, With phonation of letter e, walls 
move inwardly (arrews), but not te nor- 
mal midline position. 

F, With letter s, air gap is virtually 
obliterated (arrows). Treatmert in 
these patients consists of speech ther- 
apy and, in some, a prosthesis. 
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Fig. 7.—Functional abnormality: postadenoidectomy velopharyngeal incompetence. 

A, Lateral view, quiet breathing, in postadenoidectomy patient with no adenoidal tissue (arrows). Velum (V) appears normal. Note that posterior 
pharyngeal wail is flat. 

B, With phonation of letter e, velum rises but fails to meet posterior pharyngeal wall; an air gap (arrows) persists. A small bulge in posterior pharyngeal 
wall represents a small Passavant ridge (P). 

C, Submentovertex view. With quiet breathing, lateral walls are far apart (arrows). 

D, With phonation of letter e, walls come to midline (arrows). Preferred treatment in these patients is speech therapy. 
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Sonography of Placental 
Abnormalities and 
Oligohydramnios in Women with 
Elevated Alpha-fetoprotein Levels: 
Comparison with Control Subjects 





To evaluate the relationship of placental and amniotic fluid findings to elevated 
maternal serum alpha-fetoprotein (MS-AFP) levels, we compared sonograms made 
between 18 and 24 weeks gestational age in 76 women with elevated MS-AFP levels 
with sonograms of a control group. Patients with fetal malformations, incorrect dates, 
twins, or lack of follow-up were excluded. Overall, 27 (36%) of 76 patients with elevated 
MS-AFP levels had placental or amniotic fluid abnormalities compared with only three 
(3%) of 87 contro! subjects. Significant differences (p < .01) were noted in the frequency 
of periplacental hemorrhage (9% vs 0%), intraplacental sonolucencies greater than or 
equal to 1.5 cm in diameter (18% vs 3%) and moderate or severe oligohydramnios (17% 
vs 0%). More patients with elevated MS-AFP levels had placenta previa (4%) or placental 
thickness greater than or equal to 3.5 cm (12%) than did those in the control group (1% 
and 5%, respectively), although these differences did not reach statistical significance. 
Seven (26%) of the 27 patients had more than one abnormality. 

We conclude that placental and/or amniotic fluid abnormalities are frequently shown 
on sonograms in women who are examined because of elevated MS-AFP levels. 
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Women with elevated levels of maternal serum alpha-fetoprotein (MS-AFP) 
commonly undergo prenatal sonography for detection of possible fetal malforma- 
tions, notably neural tube defects. Other common reasons for elevated MS-AFP 
levels include incorrect gestational age, muitiple gestations, and death of the fetus 
[1]. However, even when accounting for these conditions, no apparent explanation 
is found in the vast majority of women with abnormally elevated MS-AFP levels 
[1]. 

Recent reports suggest that placental abnormalities [2-6] and oligohydramnios 
[7-9] may be associated with elevated MS-AFP levels. However, the frequency of 
such observations is uncertain because of the small number of published series. In 
order to determine the frequency of placental abnormalities and oligohydramnios 
in women with an apparently normal fetus and an elevated MS-AFP level, we 
compared sonographic findings in these patients with findings in a control popula- 
tion. 


Materials and Methods 


The initial study population consisted of 107 consecutive patients referred for sonographic 
evaluation during a 3-year period (1985-1987) with the clinical indication of an MS-AFP ‘evel 
greater than or equal to 2.5 multiples of the median level. If necessary, corrections for 
maternal weight or diabetes were made. All serum samples were obtained between 16 and 
20 weeks gestational age. Twenty-two patients were excluded because of fetal anomalies 
(eight cases), incorrect dates (10 cases), or twins (four cases) that explained the elevated 
MS-AFP level. Nine other patients were eliminated from the study group because of a lack of 
follow-up (four cases) or referral to sonography after 24 weeks gestational age (five cases), 
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leaving a total of 76 patients in the study group. All sonograms in 
these 76 patients were obtained between 18 and 24 weeks gesta- 
tional age. 

The control group consisted of 87 consecutive women who had 
sonograms made between 18 and 24 weeks gestational age and in 
whom MS-AFP values were known to be normal. The indications for 
sonography in these patients included genetic amniocentesis due to 
advanced maternal age (24 cases), uncertain dates (18 cases), uterine 
size discordant with dates (14 cases), history of a prior abnormal 
pregnancy (17 cases), and other routine obstetric indications (14 
cases). 

Sonograms were obtained with commercially available real-time 
and static equipment. Each sonogram was reviewed retrospectively 
and randomly by two experienced sonographers without knowledge 
of the clinical indication or outcome. When more than one examination 
was performed, only the first sonogram was evaluated. In each case, 
the presence of periplacental hemorrhage (retroplacental or subcho- 
rionic), placenta previa, intraplacental sonolucencies greater than or 
equal to 1.5 cm in diameter, and placental thickness greater than or 
equal to 3.5 cm were noted. A subjective determination of moderate 
to severe oligohydramnios also was made on the basis of a paucity 
of amniotic fluid, poor fetal/fluid interfaces, and crowding of fetal 
parts. 


TABLE 1: Comparison of Sonographic Findings in Patients with 
Elevated Maternal Serum Alpha-fetoprotein (MS-AFP) and 
Control Subjects 

AG ANE A NEE RIT PTE TE NE LEAT. EID NEALE RELIED DO EAE DEE SEED ID LEI OIE ELIE ERS E TARER. 





Increased Control 
Sonographic Finding MS-AFP Subjects V sA e 
(n=76) (n= 87) 
Intraplacental sonolucencies 14 (18%) 3 (3%) <.01 
Periplacental hemorrhage 7 (9%) 0 (0%) <.01 
Oligohydramnios (moderate to 
severe) 13(17%) 0 (0%) <.001 
Placenta previa 3 (4%) 1 (1%) 34 
Placental thickness =3.5 cm 9 (12%) 4 (5%) 23 





*Fisher two-tailed exact test. 





Fig. 1.—Sonogram made at 18 weeks gesta- 
tional age in a woman with elevated level of ma- 
ternal serum alpha-fetoprotein shows several in- 
traplacental sonolucencies (arrows). Fetus died at 
26 weeks gestation. Piacental infarcts were de- 
scribed in pathology report. 
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Sonographic findings were then correlated with clinical indications 
and outcome. The outcome was determined by follow-up sonograms, 
a review of the medical records, and correspondence with the refer- 
ring physician. 

The statistical significance of sonographic findings was determined 
with the Fisher two-tailed exact test. Because of the limited size of 
the study groups, no attempt was made to match abnormal and 
control populations for maternal factors (i.e., diabetes, hypertension, 
age, parity, history of tobacco smoking, or previous loss of a preg- 
nancy) that could possibly influence the results. 


Results 


The results of the study are compiled in Table 1. Intrapla- 
cental sonolucencies greater than or equal to 1.5 cm in 
diameter were noted in 14 women (18%) with elevated MS- 
AFP levels (Fig. 1) compared with only three women (3%) in 
the control group (p < .01). Seven patients (9%) with an 
elevated MS-AFP level had evidence of periplacental hemor- 
rhage (Fig. 2), and 13 had evidence of moderate (11 cases) 
or severe (2 cases) oligohydramnios (Fig. 3). In comparison, 
none of the control patients had sonographic evidence of 
periplacental hemorrhage (p < .01) or oligohydramnios (p < 
.001). 

in all, 27 (36%) of 76 patients with an elevated MS-AFP 
level had one or more placental abnormalities or oligohydram- 
nios compared with only three (3%) of 87 patients in the 
control group. Seven (26%) of these 27 patients had more 
than one abnormality. Four patients had both periplacental 
hemorrhage and intraplacental sonolucencies, and three pa- 
tients had periplacental hemorrhage and oligohydramnios. 

Placenta previa was identified by sonography in three pa- 
tients (4%) with elevated MS-AFP levels and in one patient 
(1%) in the control group. However, when only complete 
previa at the time of delivery is considered, two patients with 





Fig. 2.—A, Sonogram made at 18 weeks gestational age shows placental sonolucencies (arrows) 
beneath chorionic plate in a woman with elevated maternal serum aipha-fetoprotein. 

B, Different view of same patient shows a hypoechoic area consistent with hemorrhage (H) 
beneath chorionic membrane (arrows). 

F = fetus, P = placenta. 
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Fig. 3.—Sonogram made at 17 weeks gesta- 
tional age shows marked oligohydramnios in a 
woman with elevated level «f maternal serum 
aipha-fetoprotein. Follow-up sonograms showed 
no change in these findings, ading to decision 
to terminate pregnancy at 21 weeks. F = fetus; 
B = maternal bladder. 


Fig. 4.—Sonegram made at 19 weeks gesta- 
tional age in a woman with elevated level of 
matemal serum aipha-fetoprotein shows marked 
thickening (arrows) of placenta (P). 
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elevated MS-AFP levels had a previa compared with no 
control patients (p = .22): 

An abnormally thickened placenta (23.5 cm) was found in 
nine patients (12%) with elevated MS-AFP levels (Fig. 4) 
compared with four contral patients (5%) (p = .23). 

In patients with elevated MS-AFP levels, clinical outcome 
incluced normal delivery ia 53 cases (70%), fetal or neonatal 
death in 11 cases (15%). intrauterine growth retardation in 
four cases (5%), premature delivery (< 36 weeks gestation) 
in five cases (7%), and cengenital anomalies in three cases 
(4%). These three anomaiies included two cases of cleft lip 
and palate and one case of amputation of several digits of 
the hand. No major congenital anomaly such as neural-tube 
defeci or anterior abdominal wall defect was missed by so- 
nography in either the greup of patients with elevated MS- 
AFP levels or the contro! group. 

The clinical outcome c? patients with elevated MS-AFP 
levels: was particularly poor in association with oligohydram- 
nios. Of 13 patients with oligohydramnios, the outcome in- 
cludee fetal or neonatal death in seven cases, intrauterine 
growth retardation in twc cases, premature delivery at 25 
weeks in-one case, and nermal term delivery in three cases. 
Sever patients with oligohwdramnios had a history of vaginal 
bleeding, and two patients: had sonographic evidence of per- 
iplacental hemorrhage. 

Correlation cf sonographic findings with pathologic findings 
was limited because of a lack of adequate examination of the 
placenta. Also, periplacental and intraplacental hemorrhage 
often resolve by the time of delivery. We recognize the 
limitations of pathologic exemination, but report that placenta! 
blood clots were found at delivery in five cases and placental 
infarcts were identified in two additional cases. Both patients 
with placental infarcts hac intraplacental sonolucencies. Of 
the five patients with pathologic evidence of retroplacental 
clot, sonographic findings suggested periplacental hemor- 
rhage in two cases and marked oligohydramnios in two 
additional cases. The remaining patient had a normal-appear- 
ing placenta at 22 weeks gestational age, but one week later 
the patient developed acutesclinical symptoms consistent with 
retroplacental abruption. The sonogram at this time showed 
a markedly thickened and heterogeneous placenta consistent 
with a setroplacental hemorvhage. 
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Discussion 


Alpha-fetoprotein (AFP) is a fetal-specific protein that is first 
produced by the yolk sac and later by the fetal gastrointestinal 
tract and liver [1]. AFP reaches the amniotic fluid by excretion 
in fetal urine and by diffusion across fetal skin capillaries. In 
turn, AFP in the amniotic fluid diffuses across placental mem- 
branes to reach the maternal circulation. Because of this 
diffusion gradient, concentrations of AFP in the fetal serum 
are 100-200 times greater than that found in the amniotic 
fluid and 100,000 times greater than that found in the maternal 
serum at 16-20 gestational weeks [1]. 

Up to 4% of all women with an anatomically normal fetus 
have elevated levels of MS-AFP [1]. Fetal-maternal hemor- 
rhage has long been suspected as the underlying cause of 
elevated MS-AFP levels in many of these patients. Because 
the concentration of AFP in the fetal serum is 100,000 times 
greater than that in maternal serum at 16-20 weeks cesta- 
tional age, elevation of the MS-AFP level is a sensitive marker 
for fetal-maternal hemorrhage [10-12]. Therefore, an elevated 
MS-AFP level may be a sign of an underlying placental ab- 
normality. Women with elevated MS-AFP levels are known to 
be at increased risk of placental abruption, intrauterine growth 
retardation, premature labor, and death of the fetus [1, 3, 7, 
13}. 

As our study shows, placental abnormalities and oligohy- 
dramnios are frequently seen in women with elevated MS- 
AFP levels and an anatomically normal fetus. Intraplacental 
sonolucencies (Fig. 1) were the most common sonographic 
abnormal! findings in this study. The frequency of intraplacen- 
tal sonolucencies in women with elevated MS-AFP levels 
(18%) agrees with the results of Perkes et al. [2], who 
reported intraplacental sonolucencies in 18.5% of patients 
with elevated MS-AFP levels and in 2.3% of a contro: group. 

Although intraplacental sonolucencies may represent var- 
ious pathologic findings, Spirt et al. [14] and others [2, 3, 15- 
18] have shown that they correlate best with intervillous 
thrombi. Intervillous thrombi represent intraplacental fetal 
hemorrhage resulting from rupture of villous capillaries [14, 
15]. Devi et al. [18] showed a strong correlation between 
intervillous thrombi and the presence of fetal RBCs in the 
maternal circulation. Because intervillous thrombosis repre- 
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sents a site of fetal-maternal hemorrhage, it also has been 
associated with Rh sensitization and erythroblastosis in Rh- 
negative women [15-18]. An association also has been ob- 
served between intervillous thrombi and placental abruption, 
spontaneous abortion, and premature delivery [15-18]. 

The prevalence and significance of intervillous thrombi ap- 
pear to vary with gestational age. Javert and Reiss [15] 
reported pathologic findings of intervillous thrombi in 7.7% of 
all placentas up to 22 weeks gestation, including 1.2% of 
placentas from therapeutic abortions and 10.6% from spon- 
taneous abortions. In comparison, these authors found inter- 
villous thrombi in 28.5% of term placentas [15]. Similarly, 
intraplacental sonolucencies are frequently shown in the third 
trimester on prenatal sonography, but were observed in only 
3% of control subjects before 24 weeks gestation in this 
study. 

As this was a retrospective study, we made no attempt to 
distinguish intraplacental sonolucencies with blood flow (“ma- 
ternal lakes”) from those without evidence of flow. However, 
this distinction may be incomplete even when evaluated pro- 
spectively because slow flow may be difficult to see on 
sonography. Also, our own anecdotal experience suggests 
that maternal lakes seen before 24 gestational weeks also 
may be associated with elevated MS-AFP levels. We specu- 
late that maternal lakes may form at sites of previous hem- 
orrhage in this situation. 

in addition to placental sonolucencies, sonographic evi- 
dence of periplacental hemorrhage was associated with ele- 
vated MS-AFP levels in the present study (Fig. 2). Seven 
patients (9%) with elevated MS-AFP levels had evidence of 
periplacental hemorrhage [19], and all hemorrhages were 
located near the margin of the placenta or beneath the cho- 
rionic membrane (Fig. 2). In comparison, Fleischer et al. [6] 
reported periplacental hematomas in 16 (64%) of 25 patients 
with an elevated MS-AFP level and a normal fetus. These 
authors also reported a high frequency of retroplacental hem- 
orrhage. The reason for these discrepant results is unclear 
but possibly reflects differences in criteria for selection of 
patients or in sonographic interpretation. Periplacental hem- 
orrhage apparently leads to an elevated MS-AFP level in a 
manner similar to that of intraplacental hemorrhage, with 
transfer of fetal RBCs to the maternal circulation [7, 17, 18]. 
This notion is supported by an association between circulating 
fetal RBCs and retroplacental hematomas examined at birth 
[18]. 

Thickened placentas (Fig. 4) and placenta previa were 
observed more often in patients with elevated MS-AFP levels 
than in the control group in the present study, although these 
associations did not reach statistical significance. Neverthe- 
less, a thickened placenta or placenta previa in patients with 
an elevated MS-AFP level may be a helpful ancillary finding in 
conjunction with other sonographic abnormalities. 

The association between midtrimester oligohydramnios and 
elevated MS-AFP level noted in the present study (Fig. 3) 
confirms earlier observations [7-9]. In the absence of geni- 
tourinary anomalies, the cause of oligohydramnios in these 
pregnancies is uncertain, but it has been suggested that it 
reflects an underlying uteroplacental insufficiency [9]. Fetal 
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hypoxemia may result in shunting of blood away from the 
fetal kidneys and secondarily in decreased urine production 
and decreased amniotic fluid volume [9]. The frequent history 
of vaginal bleeding in association with oligohydramnios and 
elevated MS-AFP levels also implicates placental dysfunction 
as a contributing cause. 

Regardless of the causes, severe midtrimester oligohy- 
dramnios is a predictor of poor fetal outcome due to pulmo- 
nary hypoplasia, intrauterine growth retardation, and prema- 
turity [8-10]. In our 13 cases of oligohydramnios and elevated 
MS-AFP level, seven resulted in fetal or neonatal death, two 
resulted in intrauterine growth retardation, one resulted in 
premature delivery at 25 weeks, and only three (23%) resulted 
in a normal term delivery. A similar outcome has been ob- 
served by other authors [8-10]. Richards et al. [9] suggests 
that the risk of fetal death is increased when severe oligohy- 
dramnios persists longer than 2-4 weeks or when there is 
history of vaginal bleeding or amniotic fluid leakage. 

Our findings carry important implications for counseling 
women found to have an elevated MS-AFP level. Although 
the protocol for evaluating such patients varies from institution 
to institution, our approach includes a thorough sonogram to 
identify possible fetal anomalies before a decision is made to 
perform amniocentesis. Few anomalies have been missed at 
our centers, particularly with awareness of characteristic cra- 
nial abnormalities that recently have been associated with 
myelomeningocele (20, 21]. However, amniocentesis is com- 
monly performed to provide additional reassurance that a 
significant anomaly has not been missed. When placental 
abnormalities are shown that might explain the elevated MS- 
AFP level and the fetus appears anatomically normal, many 
women may decide that the benefits of amniocentesis do not 
justify its additional risk or expense. 

In summary, a significant proportion of women with ele- 
vated MS-AFP levels but an anatomically normal fetus have 
intraplacental sonolucencies, periplacental hemorrhage, and/ 
or oligohydramnios when compared with a control group. 
Current evidence suggests that these associations reflect 
fetal-maternal hemorrhage and placental dysfunction. Aware- 
ness of these sonographic findings may influence MS-AFP 
screening protocols. 
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Book Review 








Ultrasound Teaching Cases, vol. 2. By Keith C. Dewbury, David O. Cosgrove, and Hylton B. Meire. New York: 


Alan R. Liss for Wiley, 193 pp., 1988. $95.75 


A sequel to the first volume of Ultrasound Teaching Cases, the 
current work is intended to complement and expand the type and 
range of cases. Volume 2 is divided into five sections: liver and biliary 
system, general abdomen, urinary system, obstetrics and gynecol- 
ogy, and miscellaneous. A total of 232 cases are presented. The 
format includes a brief clinical history, two to six scans, and a 
discussion that generally is confined to one-half page of text. Fre- 
quently, companion cases are presented in the discussion to illustrate 
similar or disparate sonographic findings in the same pathologic entity. 
The entire case presentation is, with few exceptions, confined to two 
pages. 

Although the work covers a broad range of diseases and a spec- 
trum of difficulty, the authors have concentrated on providing infor- 
mation about relatively common entities that has pragmatic clinical 
value. For example, the section on the liver includes such entities as 
hepatic metastases, capillary hemangioma, cirrhosis, biliary atresia, 
liver trauma, liver abscess, and polycystic liver disease. Several cases 
of hydatid disease of the liver extend the range of entities a bit (at 
least for the American reader). A similar approach prevails in the 
remaining sections. 

Succinct discussions cover the pertinent sonographic findings, 
pitfalls, and important clinical considerations. The text is clearly 
written and reads smoothly and easily throughout. The sonograms 


are of first-rate quality, and the pathologic changes are shown clearly 
in all cases. 

Both authors and publisher are to be congratulated on the format, 
which is kind to the mind and eye; few cases require the turning of a 
page and the separation of text and illustration. Photographic repro- 
duction is excellent, and each sonogram has an individual homunculus 
clearly indicating the position of the image. Spacing of images and 
text is liberal throughout (in fact, even prodigal in some instances), if 
necessary, the volume could be contracted or cases added. However, 
neither the size nor the cost of the book is unreasonable. The index 
provides quite sufficient cross-referencing of pathologic entities. 

Volume 2 provides valuable sonographic, clinical, and differential 
diagnostic information in a highly palatable form for radiologists at all 
levels of training. Two or three unhurried evenings are easily enough 
to read the whole book, and its value in a teaching program is 
unquestionable. The volume already has been circulated to our 
residents, and the response at all levels of training has been uniformly 
positive. In short, this is a superb teaching and learning device. | hope 
that volume 2 is not the last in this series. 
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Intrauterine Shelves in Pregnancy: 
Sonographic Observations 


























Twenty-five shelves of tissue, all having a free edge within the uterine cavity, were 
identified by sonography in 24 singleton pregnancies. In no case did the shelf attach to 
the fetus or restrict fetal motion. The fetus was sonographically normal in 23 pregnan- 
cies, and no fetus developed amniotic-band syndrome. One fetus had anencephaly, 
probably unrelated to amniotic-band syndrome. Although these shelves may be due to 
synechiae, only eight (32%) of the patients had a history of dilatation and curettage or 
cesarean delivery, which predispose the patient to formation of synechiae. 

This experience suggests that when a shelf of tissue with a free edge is present 
within the pregnant uterus, there should be no concern for the development of amniotic- 
band syndrome as long as a complete sonographic survey of the fetus reveals no 
abnormalities. 
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Many causes account for membranes or bands within the pregnant uterus. With 
the exception of the amniotic-band syndrome, and possibly subchorionic hemato- 
mas, these structures are usually of little cause for concern. A recent study [1] 
described the appearance and significance of bands or membranes within the 
amniotic cavity that were unrelated to the amniotic-band syndrome. In this report, 
we describe our experience with these bands or shelves and address their 
significance when the fetus appears normal. 


Materiais and Methods 


Over a 30-month period, 24 pregnant women who had intrauterine shelves with a free 
edge (Fig. 1) were seen at our institution. Eight patients were identified by retrospective 
review of obstetric sonograms obtained over a 1-year period, and 16 more were icentified 
prospectively over the subsequent 18 months. The shelf of tissue had to have a free edge 
for inclusion in the study. In fact, it was this characteristic that we wanted to stress by use 
of the name, intrauterine “shelf,” although others have referred to these structures as “innocent 
bands,” “intraamniotic bands,” cr “amniotic sheets.” The free edge was sometimes difficult 
to identify directly, and multiple scanning planes often were attempted before it was shown. 
The sonograms were obtained on a variety of real-time scanners. Information about previous 
dilatation and curettage or cesarean delivery for each patient was obtained either by asking 
the patient or by reviewing the medical chart. In addition to providing a complete survey of 
the fetus, the sonographic study included evaluation for any attachment of the shelf to the 
fetus and for the ability of the fetus to move without restriction by the shelf. For each shelf, 
assessment included its location in the uterus, length, thickness, presence of thickening of 
the base (that part of the shelf nearest the myometrium) or free edge of the shelf, the 
presence of placenta on the sheif, and whether the shelf was straight or lax. The length of 
the shelf is defined as the longest dimension; thickness is the smallest dimension. When 
follow-up sonograms were obtained, the presence or absence of the shelf was recorded, In 
all cases, the status of the infant at birth was obtained. 
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A = B 


Fig. 1.—Benign shelf at 24 weeks. 


A, Sonogram shows shelf (straight arrows) protruding into uterine cavity. Free edge (curved 


arrow) is visible. Base of shelf is not seen in this image. 


B, Different orientation shows placenta (P) extending up to shelf (arrow). 


F = fetal body. 


Results 


A total of 25 shelves were identified in 24 women who had 
singleton pregnancies. One patient had two shelves. Gesta- 
tional age at which the shelves were first identified ranged 
from 11 to 35 weeks. Four patients had undergone dilatation 
and curettage of the uterus, and four had had a cesarean 
delivery. Five additional patients had had an elective abortion 
but were uncertain if curettage had been performed. 

Evaluation of sonographic characteristics of the shelves 
revealed that length varied from 1 to 9 cm and thickness 
ranged from 2 to 8 mm. Thickness often varied in different 
parts of the shelf; the smallest thickness was recorded. In 16 
shelves the base was thickened; thickening of the free edge 
was observed in one case. Part of the placenta was on the 
shelf in eight cases. The shelf appeared straight in 22 and lax 
in three cases. Location of the shelf within the uterus was 
variable. Twelve shelves were in the lower uterine segment, 
four were in the body, and nine were in the fundus of the 
uterus. 

The shelf had no connection to the fetus and did not restrict 
fetal motion in any of the 24 pregnancies. In 23 patients, no 
abnormality of the fetus was seen sonographically; physical 
examination of these infants at birth was normal. In one of 
these 23 cases, one fetal hand remained near the shelf 
throughout the sonographic examination although no connec- 
tion to the shelf was identified. The fetus was normal at birth. 
A fetal anomaly was present in one case; a sonogram per- 
formed at 16 weeks revealed anencephaly. No connection of 
the shelf to the fetus was seen. The placenta extended well 
onto the shelf (Fig. 2). Pathologic examination of the tissue 
after subsequent therapeutic abortion did not yield a definitive 
diagnosis. 

Ten patients had a follow-up sonogram. In seven patients, 
the shelf was no longer present; gestational age at the time 


Fig. 2.—Benign shelf at 16 weeks. Sagittal 
sonogram shows placenta (P) extending well 
onto sheif (straight arrow) in this patient. This 
shelf was in lower uterine segment and extended 
transversely across uterine cavity. This was only 
case with a fetal anomaly; abnormal cerebrai 
tissue (curved arrow) due to anencephaly is 
seen. 


of the negative follow-up study ranged from 19 to 41 weeks. 
The shelf persisted in three patients on follow-up sonograms 
at 22, 28, and 38 weeks. 


Discussion 


Within the pregnant uterus, several types of membranes or 
bands can be present, including those associated with normal 
chorioamniotic separation in early pregnancy, subchorionic 
hematoma, relatively large placental lakes, the separating 
membrane in a multiple gestation, a septated uterus, and the 
amniotic-band syndrome [1-3]. Membranes produced by the 
first three of these causes can be distinguished easily from 
benign shelves by their delineation of a closed space and their 
lack of a free or unattached edge. None of our patients had 
a multiple gestation. In a septated uterus, the septum is 
usually in the fundus anc oriented in a sagittal plane. Although 
the shelf was in the fundus in nine of our cases, it was not 
thought to be the septum of a duplicated uterus because the 
orientation of the shelf was significantly different from the 
sagittal or near-sagittal orientation expected for such a sep- 
tum. However, if a benign shelf were located in the fundus 
and oriented in a sagittal plane, it would probably be difficult 
to differentiate it sonographically from a septum. 

Mahony et al. [4] described seven cases of intrauterine 
sheets of tissue having a free edge. A similar observation 
was made by Papp et al. [5] in five cases, although it is 
unclear whether all their bands had a free edge. Randel et al. 
[1] recently reported their observations in 17 cases of amniotic 
sheets that were not associated with amniotic-band syndrome 
and caused no problem for the fetus. The shelves described 
in this report probably represent this same type of tissue. 

The presence of a band or shelf within the amniotic cavity 
may raise the possibility of amniotic-band syndrome. This 
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syndrome is a sporadic: abnormality, with the fetus usually 
having multipie malformations in a nonembryologic distribu- 
tion [4, 6]. The cause of amniotic-band syndrome is unproved, 
and whether the bands are the cause or the result of the 
syndrome is debated [7]. A popular theory is that the malfor- 
mations are caused by mesodermic bands that cevelop after 
rupture of the amnion [3]. Our findings agree with those of 
earlier studies [1, 4]. The mere presence of shelves within the 
pregnant uterus does not indicate that the amniotic-band 
syndrome is present ner that it will subsequently develop. 
Twenty-four of the 25 shelves in this series were definitely 
benign. In none of these cases did an initially normal fetus 
subsequent'y develop amniotic-band syndrome. Furthermore, 
we believe that the sincle shelf in our series that was asso- 
ciated with a fetal anomaly was a benign intrauterine shelf 
and was not a manifestation of amniotic-band syndrome. The 
shelf did not connect to the cranial abnormality, the fetal 
defect itself was an unlikely manifestation of amniotic-band 
syndrome, and no other abnormalities were seen. Also, one 
would not expect the placenta, as it did in this case, to extend 
onto a banc that was caused by the amniotic-band syndrome. 
Moreover, in the unlikely chance that the abnormality was 
due to the amniotic-barnd syndrome, the fetal abnormality was 
obvious on the initial sonogram. As normalcy of the fetus is 
the prime sonographic consideration, it seems prudent to 
obtain a follow-up sonegram if a shelf is initially identified in 
the first trimester, before a complete fetal survey can be 
obtained. During the time of this study, we saw only three 
cases of amniotic-banc syndrome, diagnosed at 22, 23, and 
34 weeks. Although bands are not always visible in amniotic- 
band syndrome [4], bands were seen in these three cases, 
with direct attachment of the band to the malformed fetus 
seen in two of the three cases. The malformations were 
obvious on the initial sonogram. The bands appeared lax in 
all three cases. 

The cause of these shelves of tissue is unproven. The 
hypothesis that they are due to intrauterine synechiae [1, 4] 
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is certainly possible. Synechiae are thought to develop in the 
uterus after mechanical trauma to the endometrium, primarily 
during the puerperium or after bacterial infection [9, 10]. That 
only eight (82%) of our patients gave a definite history of 
dilatation and curettage or cesarean delivery raises doubt 
about whether synechiae due to mechanical trauma were the 
cause in our patients. We did not, however, question the 
patients regarding past myomectomy or endometritis. Per- 
haps there is more than one cause for these shelves of tissue. 
A congenital cause of intrauterine synechiae has been sug- 
gested, but never confirmed [10]. 

In the series of Randel et al. [1], thickening of the base was 
apparently observed in all cases, and the free edge often 
appeared bulbous. We observed thickening of the base in 16 
cases (64%) and a bulbous appearance to the free edge in 
only one case (4%). In three cases (with initial sonography at 
11, 13, and 15 weeks), the amnion was still separate from 
the shelf (Fig. 3). This finding, along with the observation of 
placental tissue on the shelf in eight cases, suggests that the 
shelf was present before the pregnancy began and therefore 
was not due to a developmental abnormality of the pregnancy. 
Comparison with hysterosalpingography would be of interest, 
but none of our patients had that examination. 

Demonstration of normal fetal anatomy is the primary cri- 
terion for exclusion of amniotic-band syndrome. Among the 
sonographic characteristics of shelves, the lack of attachment 
to the fetus suggests benignity. In our past experience with 
amniotic-band syndrome, the bands were sometimes lax and 
undulating and usually very thin; we considered whether these 
might be discriminating factors in differentiating benign 
shelves from amniotic-band syndrome. In our three recent 
cases of amniotic-band syndrome, the bands were all lax and 
thickness of the bands ranged from 2 to 4 mm. Thus, although 
the bands in amniotic-band syndrome may more often be lax 
and on the smaller end of the thickness range, laxity and 
thickness are probably insufficient for differentiation from 
intrauterine shelves. In our experience, when bands are seen 





A | | B 


Fig. 3.—Separation of amnion from shelf. 


A, Sagittal sonogram of fundus at 15 weeks shows placenta (P) extending to shelf (straight arrow). 


Amnion {curved arrow) has not yet fused. Maximal length of shelf was 5 cm. 


B, Sonogram shows partial separation of amnion (curved arrow) from shelf (straight arrow) in 


Fig. 4.—Sonogram shows two separate 
shelves (straight arrows) in body of uterus in 
this 21-week pregnancy. Note thickening of 
base (curved arrows) of shelves. 


another patient at 11 weeks. Yolk sac (open arrow) also is visible. Maximal length of shelf was 2.5 
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in amniotic-band syndrome, the number of bands is variable, 
from one to many. In only one of our cases (Fig. 4) was more 
than one shelf present; multiple benign bands or shelves also 
were observed by Herbert et al. [3]. 

In those cases with follow-up sonograms, the shelf often 
could not be found. As previously speculated, this may be 
because of rupture or compression of the shelf by the enlarg- 
ing uterine cavity or fetus [1]. In three cases however, one as 
late as 38 weeks, the shelf was still present. The force needed 
to tear adhesions during hysteroscopy seems to be related 
to the relative amounts of endometrial tissue, fibromuscular 
tissue, and connective tissue within the synechiae [9]. If these 
sonographically observed shelves are due to synechiae, per- 
haps the relative amounts of these tissue components explain 
why some seem to disappear relatively early and some persist 
until later in gestation. 

In summary, benign shelves of tissue within the pregnant 
uterus do exist. These shelves have a free edge and do not 
attach to the fetus. As long as a complete sonographic survey 
of the fetus can be obtained and reveals no abnormalities, 
there should be no concern for the subsequent development 
of amniotic-band syndrome. 
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Case Report 






































Sonographic Diagnosis of Omphalocele During 10th Week 


of Gestation 


Douglas L. Brown,':? Donald S. Emerson,’ Lee P. Shulman,? and Sandra A. Carson? 


Fetal abcominal wall abnormalities are not usually recog- 
nized on senographic examination until the second or third 
trimester of pregnancy: With the recent availability of endo- 
vaginal transducers, it may be possible to recognize such 
abnormalities in the first trimester. We report a case of 
omphalocele diagnosed sonographically during the 10th week 
of gestation. 


Case Report 


A 34-year-old, gravida 7, para 1, abortion 5, woman underwent 
intensive antepartum surveillance because of her history of five 
spontaneous abortions. She experienced vaginal bleeding 6.5 weeks 
after her last menstrual period and a sonogram revealed a live 
intrauterine embryo with a small subchorionic hematoma. Crown- 
rump length [1] was consistent with age based on last menstrual 
period. 

Weekly sonograms thereafter, all obtained with a 5-MHz endo- 
vaginal transducer, showed a decrease in the size of the hematoma. 
At 10.2 gestational weeks (based on the 6.5-week sonogram) the 
crawn-rump length was 35 mm. During this study, a homogeneous 
ecnagenic mass anterior to the fetal abdomen was observed (Fig. 1). 
Although normally herniated bowel might have accounted for this 
mass, ompkalocele was :considered because the circumference of 
the mass (28 mm) and that of the fetal abdomen (30 mm) were 
approximately equal. Tre umbilical cord inserted into the mass. 
Retrospective review of the previous sonograms obtained at 6, 7.2, 
7.3, and 8.6 weeks did not reveal any abnormality. 

A-sonogram obtained at 14.9 weeks confirmed the diagnosis of 
omphalocele, with the umbilical cord inserting into the apex of the 


mass containing herniated liver and bowel. Amniocentesis was per- 
formed at this time and revealed a normal male complement (46, XY) 
and an amniotic fluid alpha-fetoprotein level within normal limits (2.0 
mg%). The patient elected to continue the pregnancy. Sonography 
at 20 weeks showed no significant change in the omphalocele and 
no other fetal anomalies. 





Fig. 1.—Transverse sonogram through fetal abdomen at 10.2 weeks 
gestational age. Herniated mass of omphalocele (straight arrow) is only 
slightly smalier than fetal abdomen (curved arrow). Transverse diameters 
of omphalocele at this level are 8 and 9 mm, and those of abdomen are 9 
and 10 mm. 
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The patient spontaneously ruptured membranes at 33 weeks 
gestation. After spontaneous labor, the patient had a vaginal delivery 
of a 1910-g male with Apgar scores of 4 at 1 min and 9 at 5 min. 
Examination of the infant revealed a large omphalocele containing 
bowel, liver, and omentum. In addition, there was postaxial polydac- 
tyly of both the right hand and right foot. The extra digits were small 
and consisted only of soft tissue. No other abnormalities were ob- 
served. The first stage of surgical repair was completed 36 hr after 
birth with no complications. 


Discussion 


Omphalocele is a surgically correctable malformation that 
occurs with a frequency of one in 5000 live births [2]. When 
diagnosed prenatally, it is frequently (73%) associated with 
other malformations, including cardiovascular, renal, and skel- 
etal anomalies [3]. In addition, over 50% of fetuses with 
omphalocele have chromosomal abnormalities [3]. The prog- 
nosis for isolated omphalocele is excellent; however, cyto- 
genetic or other anatomic abnormalities can worsen fetal 
outcome [3]. The antenatal detection of omphalocele requires 
detailed sonographic and cytogenetic evaluation and is nec- 
essary for making informed decisions about pregnancy man- 
agement. First-trimester detection of omphalocele also pro- 
vides an opportunity to use other diagnostic techniques (e.g., 
chorionic villus sampling), which could hasten diagnosis of 
associated abnormalities. However, the ability to detect as- 
sociated anomalies may be problematic. Specifically, our fail- 
ure to detect fetal polydactyly, an anomaly not usually asso- 
ciated with omphalocele, illustrates the potential difficulty in 
detecting certain structural anomalies. 

With improving sonographic technology, some anomalies 
will be recognized during the first trimester. Omphalocele 
diagnosed as early as 12 weeks of gestation has been re- 
ported [2]. The primary problem in diagnosing omphalocele 
or other abdominal wall defects in the first trimester is not in 
recognizing the herniated mass, but in distinguishing it from 
the normal herniation of bowel that occurs during this period. 
Herniation of the fetal midgut occurs at the beginning of the 
sixth embryologic week, equivalent to 8 gestational weeks 
[4]. Classic teaching describes the return of the bowel to the 
fetal abdomen during the 10th embryologic week (12th ges- 
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tational week) [4, 5]. Reports differ about when normal bowel 
herniation is no longer observed sonographically. Cyr et al. 
[6] believe that reduction of the herniation is complete by 11 
gestational weeks. Bowerman et al. [7] observed no herniated 
midgut after 11.3 gestational weeks. Green and Hobbins [8] 
report, however, that bowel is still herniated in 20% of fetuses 
at 12 gestational weeks. The size of the normally herniated 
bowel has been reported not to exceed 10 mm in one study 
[6] and 7 mm in greatest diameter in another study [7]. 

Omphalocele rather than normal bowel herniation into the 
cord may be suspected when the diameter of the herniation 
is greater than 7 mm during gestational weeks eight through 
12. In our case, the initial suspicion was based on the visual 
impression that the herniation was too large, because its 
circumference was approximately equal to that of the abdo- 
men. The presence of liver within the herniated sac, which is 
sonographically more homogeneous and less echogenic than 
bowel, provides another clue to the presence of omphalocele 
[2]. It has been stated that a confident sonographic diagnosis 
of an anterior abdominal wall defect is possible as early as 12 
gestational weeks [7]. However, until more study confirms 
the gestational age at which physiologic bowel herniation is 
no longer sonographically identifiable, we believe it is prudent 
to wait until 14 gestational weeks to confirm the diagnosis 
[6]. 
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Case Report 





Prenatal Sonographic Diagnosis of Harlequin Ichthyosis 


Michael Mihalko,’ Keren K. Lindfors,’ Arthur W. Grix,? William E. Brant,’ and John P. McGahan' 


Harlequin ichthyosis:is a rare congenital disorder with high 
perinatal lethality [1]. The skin is thickened and fissured, often 
dividing into polygona' plaques. It is these plaques, which 
may resemble the diamond pattern on the costume of the 
archetypal harlequin (a character in comedy and pantomime 
with masked face anc wooden sword), that are responsible 
for the name of this disorder. Ectropion (eyelid eversion) and 
eclabium (eversion of the lips) typically are present. The 
markedly thickened skin also can produce flexion deformities 
of the limbs and digital gangrene [2-4]. Most affected neo- 
nates die within hours or days after birth. Causes of death 
include sepsis, mechanical restriction of breathing, and elec- 
trolyte imbalance [2]. This abnormality has been diagnosed 
prenatally by fetoscosy and fetal skin biopsy in two cases 
with a family history of the disorder [2, 5], but to our knowl- 
edge prenatal sonographic diagnosis of harlequin ichthyosis 
has not been reportec. We present such a case and discuss 
the sonographic findiags, with particular reference to differ- 
entiation of this anomaly from amniotic bands and sheets. 


Case Report 


A 35-year-old pregnaat woman presented at 28 menstrual weeks 
in labor after premature rupture of membranes. Sonographic evalua- 
tion of the fetus was performed with a 3.5-MHz linear transducer on 
an Acuson 128 unit (Mountain View, CA). The examination revealed 
a single fetus in frank breech presentation. The gestational age, 
based on biparietal diameter, head circumference, abdominal circum- 
ference, and femur length, was 28 weeks. The volume of amniotic 
fluid was normal. A thick-discontinuous membrane was floating within 


the fluid just anterior to the fetus. The membrane appeared to be 
fixed to or to arise from the fetal thorax and lower abdominal wall 
(Fig. 1A). The membrane undulated freely with fetal motion. It did not 
appear to be continuous with the amnion. The fetal abdominal wall 
was thickened, but no other evidence of fetal hydrops was seen. 

Examination of the fetal face showed bilaterally symmetric cystic 
masses located anterior to each orbit (Fig. 1B). The fetal scalp was 
thickened. The fetal limbs were morphologically normal, and their 
gross movement was unrestricted. The remainder of the survey of 
fetal anatomy was unremarkable. 

Ruptured membranes were confirmed clinically. Findings on am- 
niocentesis were negative for intrauterine infection. Labor could not 
be controlled, and a cesarean delivery was performed 48 hr after 
rupture of membranes. 

At birth, the infant had characteristics typical of harlequin ichthyosis 
(Fig. 1C). The skin was thickened and fissured. Ectropion and ecla- 
bium were noted. After discussion of the condition and prognosis, 
the parents elected supportive care only. The infant died 3 hr after 
birth. Autopsy confirmed the presence of harlequin ichthyosis. No 
congenital abnormalities of other organ systems were present. 


Discussion 


Sonographic demonstration of intrauterine membranes im- 
plies an established set of diagnostic possibilities. Some, such 
as amniotic sheets and first trimester chorioamniotic separa- 
tion, are benign, but others, such as amniotic band syndrome 
and subchorionic hemorrhage, can be associated with a poor 
fetal outcome [6-8]. With this case, another possibility is 
added to the differential diagnosis of intrauterine membranes 
associated with a poor outcome. 
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Fig. 1.—~Harlequin ichthyosis. 
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A, Longitudinal sonogram of fetal chest and abdomen with fetal head to left shows thickened abdominal wall {straight arrow) and anterior membrane 


{curved arrows). P = placenta, S = fetal spine. 


8, Semicoronal sonogram through fetal orbits shows hypoechoic mass anterior to each globe (arrows). 
C, Autopsy specimen shows ectropion, which produces a mass overlying each orbit. Note also flap of sloughed skin anterior to abdomen. 


in this case, the membrane arising from the anterior fetal 
body was sloughed, abnormally thickened skin. This mem- 
brane was distinct from the continuous membrane typical of 
subchorionic hemorrhage [8]. It also was distinct from an 
amniotic sheet, which is not fixed to the fetus and has a 
bulbous free edge [6]. Unlike the amniotic band, we saw no 
evidence that this membrane arose from a disrupted amnion 
[7]. However, as with an amniotic band, the membrane in this 
case was attached to the fetus [7]. 

In such cases, to avoid confusion with amniotic bands, the 
sonographer should search for the other anomalies associ- 
ated with harlequin ichthyosis. These include cystic protuber- 
ances over the orbits or absence of normal lips, which indicate 
ectropion and eclabium, respectively. The abnormally thick- 
ened fetal skin, in the absence of hydrops, also should aid in 
the prenatal diagnosis of harlequin ichthyosis. 

This case indicates that prenatal sonography can establish 
the diagnosis of harlequin ichthyosis in the early third trimes- 
ter. Survival of neonates with this condition has been reported 
[1]. However, the intensive treatment appears to necessitate 
a tertiary level of hospital care with consultants available who 
are familiar with the condition. It remains to be seen whether 
the diagnosis can be established sonographically early 
enough to offer the parents other therapeutic options. Diag- 


nosis necessitates genetic counseling, because autosomal 
recessive transmission has been established [1]. 
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The Cerebellum in Sagittal 
Plane—Anatomic-MR Correlation: 


1. The Vermis 











Correlation of thin (5-mm) sagittal high-field (1.5-T) MR images of three brain speci- 
mens and 11 normal volunteers with microtome sections of the human cerebellar vermis 
and hemispheres demonstrates that proton-density-weighted (long TR/short TE) and 
T2-weighted (long TR/long TE) spin-echo pulse sequences provide the greatest contrast 
between gray and white matter. These images also can display (1) the corpus medullare 
and primary white-matter branches to the vermian lobules, including the lingula, cen- 
tralis, culmen, declive, folium, tuber, pyramis, uvula, and nodulus; and (2) several finer 
secondary branches to individual folia within the lobules. Surface features of the vermis 
including the deeper fissures (e.g., preculminate, primary, horizontal, and prepyramidal) 
and shallower sulci are best delineated by T1-weighted (short TR/short TE) and T2- 
weighted images, which provide greatest contrast between CSF and parenchyma. Given 
that the width of the normal vermis varied from 6 to 12 mm in our volunteers, the 
acquisition of thin slices (<5 mm) was required to minimize volume averaging of the 
cerebellar hemispheres with the vermis on a midline sagittal MR section. 

Knowledge of the detailed normal anatomy of the cerebellar vermis on sagittal MR 
images can assist in the identification of various pathologic alterations. 


Previous reports provided initial descriptions of normal and pathologic anatomy 
of the posterior fossa contents at low [1-3], moderate [4, 5], and high [6-9] MR 
field strengths. Compared with high-resolution CT, MR imaging demonstrates more 
detailed anatomy of the brainstem, cerebellopontine angles, and internal auditory 
canals due to its multiplanar imaging capability, absence of beam-hardening arti- 
facts, and greater intrinsic soft-tissue contrast [9]. 

Although descriptions of the MR appearance of congenital and acquired abnor- 
malities of the cerebellum are included in several reports [2, 4, 10-15], improve- 
ments in MR technology including thin (3- to 5-mm) sections, special flow-compen- 
sating spin-echo pulse sequences, and cardiac gating now permit display of normal 
anatomic features of the cerebellum not shown previously. Thus, it seems useful 
to determine the MR resolution of the cerebellar lobes, lobules, fissures, and related 
posterior fossa structures by correlating MR with myelin-stained sections of the 
human cerebellum. Application of these normative data to cerebellar abnormalities, 
particularly congenital malformations, will be the subject of a separate report. 


Materials, Subjects, and Methods 


MR studies of three formalin-fixed cadaver brains and 11 normal, healthy adult volunteers, 
10 males and one female 13-38 years old (mean age, 24.5 years), were performed in three 
orthogenal planes by using a 1.5-T superconducting magnet.* All volunteers and specimens 
were imaged with a standard head coil. In all instances, 5-mm slices with a field of view (FOV) 
of 12-18 cm and matrix size of 256 x 256 were acquired using spin-echo sequences. T1- 
weighted sequences had the parameters, 600/20/4-6 (TR/TE/excitations). All volunteers 





* General Electric, Milwaukee, Wi. 
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received long TR examinations that were cardiac gated to every other 
or every third heartbeat. The pulse sequence parameters (2400- 
3800/20,70/2~4) yielded proton-density- and T2-weighted images, 
respectively. A presaturation RF pulse for eliminating blood-flow 
artifacts along the Z axis (flow void=1) was also used. Nongated long 
TR sequences performed on cadaver brains had the parameters, 
1800-3000/20,70/4. Slices obtained in all sequences were separated 
by a 2.5-mm gap. A 28-sec T1-weighted scout sequence (200/20/1, 
24-cm FOV, and 256 x 128 matrix) in the axial and sagittal plane 
was used to verify precise positioning of the subject or specimen 
brain prior to performing the protocol sequences. 

Before MR, the specimen brains were fixed for 2-4 weeks in 10% 
neutral-buffered formalin. After MR, the cerebellum and brainstem 
were separated from the cerebral hemispheres and sectioned in the 
sagittal plane at a thickness of 5 mm. The tissue blocks were 
dehydrated in a graded series of alcohols, cleared in xylene, and 
embedded in paraffin. Sagittal microtome sections of the cerebellum 
and brainstem were cut at a thickness of 15 am by using a Multirange 
Microtome. Adjacent anatomic sections corresponding closely to the 
MR sections obtained by our protocol were stained with hematoxylin 
and eosin and Luxol fast blue-cresyi violet. The normal anatomic 
features of the cerebellar vermis and hemispheres visualized on MR 
and on the corresponding anatomic sections were determined by 
comparison with standard references of neuroanatomy [16, 17], 
myelin-stained cerebellar sections [18, 19], and cerebellar embryo- 
genesis and development [20-23]. 

Many systems of nomenclature have been used to describe the 
normal anatomy of mammalian and human cerebellums [18, 21, 24]. 
In this report we follow closely the terminologies chosen by Ito [21] 
and Larsell [24]. 


Results 


Anatomic Features of the Vermis on a Sagittal Microtome 
Section 


The vermis represents the median segment of the cerebel- 
lum that is separated from each of the hemispheres by a 
shallow surface indentation, the paramedian sulcus. On a 
midline sagittal section (Fig. 1A), the ventral surface of the 
vermis is separated from the brainstem by three CSF-filled 
spaces that are oriented vertically [18, 25]. Superiorly, the 
precentral fissure separates the vermis from the inferior colli- 
culi of the quadrigeminal plate. In the middle, the fourth 
ventricle separates the vermis from the dorsal surface of the 
pons and upper medulla. inferiorly, the vallecula separates 
the vermis from the inferior medulla. Posteriorly, the cisterna 
magna separates the vermis from the meninges overlying the 
inner table of the occipital bone. 

Lobar and lobular divisions.—The transverse-oriented pri- 
mary and posterolateral fissures divide the vermis and cere- 
bellar hemispheres into three major components: the anterior, 
posterior, and flocculonodular lobes [21] (Table 1). Two im- 
portant nomenclatures are in common use for the designation 
of the lobules of the vermis. In one system, the vermis is 
divided into an anterior lobe containing three lobules (lingula, 
centralis, and culmen); a posterior lobe with five lobules 
(declive, folium vermis, tuber vermis, pyramis, and uvula); and 
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one additional lobule, the nodulus or vermian portion of the 
flocculonodular lobe [21]. Although these names of the lob- 
ules continue to appear in the anatomic literature, another 
nomenclature widely used in physiologic studies of the cere- 
bellum applies Roman numerals to 10 lobules in the vermis 
and lateral expansions in the hemispheres [24]. The two 
nomenclatures are listed in Table 1. In this report the Roman 
numeral designations are used only when necessary for clar- 
ity. 

The lobules of the anterior vermis are bounded by the 
superior medullary velum anteriorly and the primary fissure 
posteriorly. The precentral fissure separates the lingula and 
centralis, while the preculminate fissure separates the cen- 
tralis and culmen (Fig. 1A). 

The lobules of the posterior vermis are bounded by the 
primary fissure (which separates them from the anterior lobe) 
and the posterolateral fissure (which separates them from the 
nodulus). Several fissures within the posterior vermis separate 
its five lobules from one another: the superior posterior fissure 
separates the declive and folium vermis, the horizontal fissure 
separates the folium vermis and tuber vermis, the prepyrami- 
dal fissure separates the tuber vermis and pyramis, and the 
secondary fissure separates the pyramis and uvula (Fig. 1A). 

The nodulus is a separate lobe of the vermis that contains 
only one lobule. It represents the vermian portion of the 
flocculonodular lobe of the cerebellum and is bounded pos- 
teriorly by the posterolateral fissure and anteriorly by the 
vallecula (Fig. 1A). 

Sublobular and foliate divisions. —Each lobule of the vermis 
can be subdivided into one or more sublobules, each contain- 
ing a variable number of folia. The folium represents the basic 
structural unit of the cerebellum seen at gross examination 
and resolved by MR. Each folium is a thin, transverse-oriented 
fold of cerebellar parenchyma that contains a core of white 
matter covered by a mantle of gray matter. The unfolded 
surface of a single folium is a few millimeters wide. The human 
vermis contains approximately 260 of these structural units 
[21]. 

Organization of the white matter. —The white matter of the 
vermis appears to radiate into the lobules from a central 
confluence, known as the corpus medullare. The corpus 
medullare lies posterior to the fourth ventricle (Fig. 1A). De- 
pending on the lobule in which they are located, the white- 
matter cores of the individual folia of the vermis may represent 
second-, third-, or even higher-order branches of the white 
matter emanating from the corpus medullare. To facilitate 
description, the white-matter tracts that originate from the 
corpus medullare may be grouped into two major divisions. 
The anterior division innervates the anterior lobe (lingula, 
centralis, and culmen) while the posterior division connects 
with the posterior lobe (declive, folium vermis, tuber vermis, 
pyramis, and uvula), as well as the nodulus. 

Numerous anatomic variations have been described in the 
second-, third- and higher-order white-matter branches within 
the vermis (reviewed in [26]). To avoid confusion, we will 
emphasize only a description of the branching pattern of the 
primary white-matter tracts originating from the corpus med- 
ullare; this branching pattern was nearly constant in our series 
of specimen brains and normal volunteers. 
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Fig. 1.—Micsagittal sections through 
cerebellar vermis and brainstem. Sec- 
tions through vermis must be thin (<5 
mm) *> minimize volume averaging of 
adjacent cerebellar hemispheres (H) 
and tensils (Tc). 

A end B, Microtome section of spec- 
imen brain (Luxo! fast biue-czesyl vi- 
olet myelin stair) (A) and correspond- 
ing proton-density-weighted 15-T MR 
image. 3000/28, before sectioning (B). 
White-matter branching within vermis 
is seen with remarkable fidelity on MR. 
Anterier division of white matter of cor- 
pus mədultare (Cm) innervates lingula 
(Li), centralis (Ce), and culmer (Cu) of 
anterier lobe of vermis. Postemor divi- 
sion inmervatesdeciive (De), folium ver- 
mis (Fo), tuber vermis (Tu), pyramis 
(Py), and uvula (Uv) of posterior lobe 
as wei as nodulus (No) of flocculono- 
dular tebe of cerebellum. Fine second- 
ary and tertiary white-matter branches 
to some regions (Uv) are shown well. 
An = anterior aspect of section; P = 
pons; ™ = medalia. 

C and D, Tt+-weighted, 600,20 (C), 
and cardiac-gaied T2-weighted 3642/ 
70 (D), images ef 38-year-old mate vol- 
unteer best show surface landmarks of 
vermisby accertuating signal-intensity 
difference between cerebellar paren- 
chyma and CSF. Precentral cerebellar 
(1), preculminate (2), primary ¢3), su- 
perior posterior (4), horizontal (5), pre- 
pyramidal (6), secondary (7), and pos- 
terolateral (8) fissures around periph- 
ery of vermis are readily identified. 
Vallecuia (9) separates vermis from in- 
terior medulla (M), whereas cisterna 
magna (Ci) separates it from meninges 
overlying occipital bone. Curvilinear 
CSF flow artifact (A) may be identified 
within fourth ventricle (V) anterior to 
lingula on T2-weighted image. (Ab- 
sence of curvilinear structure on T1- 
weighted image confirms its artifactual 
nature.) T2-weighted image also shows 
well pattern of white-matter branching 
within vermis (compare with A end B). 
Flow væd within posterior interier cer- 
ebellar arteries (arrowheads) is seen 
postericr to meculla in normal volun- 
teer. 


Cc 


1. Anterior division. In the most common arrangement, the 
lingula :s situeted along the ventral bank of the precentral 
fissure and receives a singie primary tract from the corpus 
medullare. This single tract ascends adjacent to the dorsal 
aspect of the superior medullary velum. Each of our specimen 
brains ‘Fig. 1A} and normal volunteers demonstrated this 
anatomy. Others have reported that the lingula may inciude 
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D 


an additional segment between the ventral bank and the 
lobule centralis, “lingula duplex” [26], receiving an additional 
primary tract directly from the corpus medullare. This finding 
was not seen in our series. 

The centralis receives one primary tract from the corpus 
medullare. The culmen also receives a single primary tract 
from which one or two secondary branches ascend into the 
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TABLE 1: Components of the Human Cerebellum 


Vermian Lobule Nomenclature 
Cerebellar Lobe 
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Hemispheric Lobule Nomenclature 














Ito [21] Larsell [24] Ito [21] Larsell [24] 
Anterior Lingula | - HI? 
Centralis HW Central lobule Hil, HiH 
Culmen IV, V Quadrangular lobule, anterior HIV, HV 
portion 
Posterior Declive vi Quadrangular lobule, poste- HVI 
rior portion 
Folium vermis Superior VIIA Semilunar lobule, superior HVIIA 
portion 
Tuber vermis Inferior VIIA Semilunar lobule, inferior HVIIA 
portion 
VIIB Gracile lobule HVIIB 
Pyramis VIHA, VIIB Biventer HVH 
Uvula IX Tonsil HIX 
Flocculonodular Nodulus xX Flocculus HX 


LLL La SASOS Ss PPR 


* Hemispheric counterpart of vermian lobule | is usually absent in humans [21]. 


anterior portion of the lobule (lobule IV), and three secondary 
branches supply the posterior portion of the lobule (lobule V). 

2. Posterior division. A single primary tract of the corpus 
medullare gives rise to several (usually two to four) secondary 
branches to the declive (lobule VI) and a single secondary 
branch each to the folium and tuber vermis (combined lobules 
VIIA and VIIB) (Fig. 1A). 

The major white-matter bundle supplying the pyramis may 
arise either as a primary tract directly from the corpus med- 
ullare (Fig. 1A) or as a large secondary branch of the primary 
tract that innervates also the declive and folium and tuber 
vermis [26]. 

Single primary white-matter tracts innervate the uvula and 
the nodulus along the inferior and anteroinferior surfaces of 
the vermis. The primary tract to the uvula subsequently splits 
into two secondary branches, which supply the entire lobule 
(Fig. 1A). 


Overview of MR Imaging of the Vermis 


Early in our experience we noted that skull-surface land- 
marks were unreliable for positioning subjects and anatomic 
specimens for true sagittal images of the vermis. The small 
(6- to 12-mm) lateral dimension of the vermis, and its shorter 
anteroposterior dimension relative to that of the cerebellar 
hemispheres, can easily result in volume averaging of the 
hemispheres with the vermis if a tilt of the head remains. We 
obtained T1-weighted scout images in both the axial and 
sagittal planes to verify adequate head positioning in all 
subjects and anatomic specimens. The subsequent acquisi- 
tion of thin (6-mm) sagittal sections using the protocol se- 
quences provided optimal visualization of the vermis on the 
midline image. 

Spin-echo pulse sequences that maximized the contrast 
between parenchyma and CSF showed the surface sulci and 
fissures of the cerebellum to best advantage. T1-weighted 
images (CSF much lower in signal intensity than parenchyma, 
Fig. 1C) or T2-weighted images (CSF much higher in signal 


intensity than parenchyma, Fig. 1D) were ideal for demonstrat- 
ing the surface features of the cerebellum in vivo. 

Excellent contrast between white and gray matter was 
obtained with proton-density-weighted (Fig. 1B) and T2- 
weighted (Fig. 1D) pulse sequences. Such images showed 
best the deeper anatomy of the vermis including the primary 
white-matter fiber tracts radiating from the corpus medullare 
to the individual lobules of the cerebellum. CSF in vivo, or 
fluid in the subarachnoid space in the postmortem state, was 
nearly isointense relative to the cortex on proton-density- 
weighted images, however, thereby obscuring the surface 
features (sulci and fissures) of the cerebellum. 

Superior image quality on the long TR sequence required 
cardiac gating (every second or every third heartbeat) and a 
presaturation RF pulse (flow void-1) to further decrease arti- 
facts due to CSF motion in the prepontine cistern and blood 
flow in the basilar artery and transverse and sigmoid sinuses. 
Images of eight to 10 5-mm-thick slices could be acquired in 
a single acquisition (scanning time, 30 or 60 min) using two 
or four excitations. A 2.5-mm interslice gap was chosen so 
that the entire cerebellum could be surveyed in the axial or 
coronal plane, whereas approximately 50% could be exam- 
ined in the sagittal plane during a single acquisition. 


Anatomic Features of the Vermis on Sagittal MR Sections 


Surface features.—The cerebellar vermis lies in the midline 
posterior to the brainstem. The quadrigeminal plate cistern 
merges inferiorly with the precentral fissure separating the 
vermis from the midbrain and superior medullary velum (Figs. 
1C and 1D). The superior and inferior medullary vela meet at 
a sharp point called the fastigium to form the roof of the 
triangular fourth ventricle, which lies between the vermis and 
the pons. The inferior medullary velum is diaphanous and 
typically is not resolved on 5-mm-thick images. 

Because the great fissures and smaller sulci of the vermis 
are oriented perpendicular to the midline, sagittal T1-weighted 
(Fig. 1C) and T2-weighted (Fig. 1D) images display most 
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accurately the depth of these important surface landmarks. 
The preculminate, prepyramidal, and primary fissures are 
relatively wide and may be seen easily on MR in normal 
volunteers. The horizontal and secondary fissures are thinner 
and more difficult to resclve. Nevertheless, they can be iden- 
tified confidently in mos? subjects on T1- and T2-weighted 
images. The CSF spaces lying between the individual folia of 
the vermis are shallow ard thin. Generally speaking, they can 
be resolved over the ceniralis, culmen, declive, folium vermis, 
tuber vermis, and pyramis, but may be obscured over the 
lingula, uvula, and nodulus. They are often best seen on T2- 
weighted images (Fig. 10). 

The cerebellar tonsils have an intimate relationship with the 
vermis [27]. The tonsils are bilateral, oval-shaped masses of 
tissue that lie close to the midline. Along their lateral margins 
they attach to the inferomedial aspects of the cerebellar 
hemispheres. The other surfaces of each tonsil abut on fis- 
sures and cisterns that separate them from the cerebullum, 
vermis, and brainstem. Several inferior vermian lobules (nod- 
ulus, uvula, and pyramis) are indented to a variable degree 
by the superior aspects. of the tonsils in normal subjects. 
Moreover, the inferior pertions of the tonsils lie within the 
cisterna magna, and may touch each other in the midline 
immediately caudal to the vermis. For these reasons, the 
tonsils can be difficult to distinguish from the nodulus, uvula, 
and pyramis on midline sagittal images. Helpful clues to 
identifying a tonsil include its defined ovoid contour, the 
orientation of its axis parallel to the posterior surface of the 
medulla, its more sharply convex lower border with greater 
caudal extent, and the position of the choroid plexus and 
supratonsillar segment of the posterior inferior cerebellar ar- 
tery atop the apex of the ovoid [25]. 

Deep features. —On preton-density-weighted (Fig. 1B) and 
T2-weighted ig. 1D) images, the gray matter overlying the 
folia of the vermis forms a bright band that is thicker where 
the surfaces of two lobules are immediately adjacent in the 
depths of the fissures. The sparse and relatively dark white 
matter located centrally appears to project radially into the 
anterior and posterior lobes of the vermis from a small zone 
just posterior to the fastigium. Sagittal sections through the 
paramidline hemispheres can be distinguished from those 
through the vermis due to the greater abundance of white 
matter, which forms a much larger central body within the 
hemispheres [27]. Moreover, the gray and white matter of 
the tonsils, arranged in a regular “hatch-mark” fashion at a 
45-90° angle to the posterior surface of the medulla [25], can 
also be distinguished from the radial arrangement of the 
vermian white-matter bundles [27]. 

Each of the six or sevea primary tracts that constitute the 
anterior and posterior divisions of the vermian white matter 
can be distinguished or proton-density-weighted or T2- 
weighted (Fig. 1D) images.in vivo. Secondary branches inner- 
vating lobules IV and V of the culmen, the declive, and the 
folium and tuber vermis are also readily detected. In some 
instances, the tonsils indent the inferior vermis sufficiently to 
obscure independent visualization of the two secondary 
white-matter branches within the uvula. 

Visualization of the individual white-matter cores distinct 
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from overlying gray matter of each folium of the vermis seems 
beyond the capability of our in vivo MR protocol at present. 
Nevertheless, proton-density- and T2-weighted images ac- 
quired with the specimen brain protocol (four excitations per 
slice) frequently can resolve many of these most slender 
white-matter bundles (Fig. 1B). 


Discussion 
Functionai Anatomy and Connections of the Vermis 


Somatic motor (midline musculature) and vestibuloocular 
activities are regulated and coordinated by the vermian cortex 
{21, 28]. Cortical (Purkinje) neurons project to the fastigial 
nuclei, which in turn project to reticular and vestibular neurons 
of the brainstem. Subsequent ascending pathways controlled 
by Purkinje cells within the declive, folium, and tuber influence 
brainstem nuclei governing ocular movements (e.g., oculo- 
motor nucleus); descending (reticulo- and vestibulcspinal) 
pathways controlled by other regions of vermian cortex reach 
anterior horn cells of the spinal cord. Cortex of the vermis 
also influences neural pathways concerned with level of at- 
tention [16, 28], sensory function [29], corticoneostriatal in- 
teractions (Ryan LJ, personal communication), autonomic 
activities [30], motivation [31, 32], memory [33, 34], and 
behavior [31, 32, 35]. 

Such functional diversity is reflected in regional specializa- 
tion of the vermis [28]. For instance, the anterior lobe receives 
mainly spinal input (from spino- and cuneocerebeliar fibers) 
and relatively little cerebral cortical input. Efferent fibers from 
the anterior lobe are sent primarily to lower brainstem sys- 
tems. The posterior lobe receives major input from cerebral 
cortex (motor, somatosensory, visual, auditory, anc associa- 
tion areas), tectum, and hippocampus, but sparse spinal input. 
Efferents from the posterior lobe connect with the midbrain, 
thalamus, and hypothalamus, as well as lower brainstem 
systems [28]. Specialization is epitomized by the declive, 
folium, and tuber—the auditory and visual areas of the ver- 
mis—which are critical for establishing certain types of long- 
term memory traces [34]. 

Lesions of the vermis generally result in disorders of eye 
movements (e.g., horizontal nystagmus), abnormai posture 
of the head, disturbances of stance and gait, dysmetria, 
succession deficits, and kinetic tremor [28]. Impairments in 
memory and consciousness, dysarthria, and past-pcinting 
occur less often [28]. 


Development Variants 


Hypoplasia (undergrowth) and partial or complete agenesis 
(nongrowth) of the vermis have been reported [36-38). Al- 
though most cases are sporadic, familial agenesis may occur 
[38]. In all instances of partial agenesis, the anterosuperior 
portion of the vermis is preserved, presumably because fusion 
of the vermis proceeds from rostral to caudal during the 
second month of gestation [27]. 

The clinical picture of patients with partial or complete 
agenesis of the vermis is neither uniform nor characteristic 
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[36]. Although inability to walk, nystagmus, head- and body- 
turning attacks, and mental retardation are associated fre- 
quently with partial vermian agenesis, a minority of patients 
may be completely asymptomatic [36, 38, 39]. In one sibship, 
agenesis of the vermis varied from partial to complete; all four 
patients had mental retardation and developmental delay. 
Additional abnormalities included hypotonia, episodic hyperp- 
nea, lack of interest in the environment, involuntary facial 
movements, and abnormal speech and language develop- 
ment [38]. Occasionally, however, psychomotor retardation 
and neurologic deficits may be absent, even in patients with 
complete agenesis [36, 38]. Agenesis of the vermis may be 
accompanied by few or no other CNS abnormalities, or by a 
spectrum of malformations involving the cerebellar hemi- 
spheres and dentate nucleus (e.g., hypoplasia and gray- 
matter heterotopias) or supratentorial structures (e.g., callosal 
hypoplasia or agenesis) [836-38]. Symptoms, when present in 
these patients, may relate to the extravermian locus of ab- 
normality [36, 38]. 

Hypoplasia of the vermis may be regionally localized (e.g., 
superoposterior vermis in autism) [40, 41] or diffuse (e.g., 
Down syndrome) [42]. There are no reports of hypoplasia 
involving only anterosuperior vermian regions. In all reported 
cases, vermian hypoplasia is accompanied also by hypoplasia 
of the cerebellar hemispheres [40, 41, 43, 44]. 


Atrophic Conditions 


After normal development, the vermis may be affected by 
metabolic or degenerative disorders associated with paren- 
chymal atrophy [45]. In contrast to the developmental anom- 
alies described above, which spare the anterosuperior lobules 
of the vermis, several common atrophic conditions invoive 
predominantly this portion of vermian cortex. For instance, 
selective atrophy, most marked in the cortex of the anterior 
and superior lobules of the vermis and in the paramedian 
portions of the anterior lobes of the hemispheres, is frequently 
found in chronic alcoholics [45]. The cortical atrophy is evi- 
denced by wide, deep sulci and thinned folia. Strikingly similar 
Clinical and pathologic findings are demonstrated also in par- 
enchymatous cerebellar atrophy of Holmes, a relatively com- 
mon degenerative disorder of the cerebellar system [45]. 
Other degenerative disorders of the cerebellum involve the 
cerebellar hemispheres to a greater degree than the vermis 
(e.g., olivopontocerebellar atrophy). 


Conclusions 


improvements in MR technology permit the display of many 
important features of the cerebellar vermis not previously 
shown. Learning the detailed normal sagittal anatomy of the 
vermis has helped us to recognize and differentiate the path- 
ologic alterations known to accompany malformations (e.g., 
hypoplasia and agenesis); genetic (e.g., Down syndrome) and 
idiopathic (e.g., autism) disorders; metabolic diseases (e.g., 
alcoholism), and system degenerations (e.g., parenchymatous 
cerebellar atrophy). Clinical symptomatology may vary de- 
pending on the lobules within the vermis that are affected as 
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well as the time and type of insult. Heretofore, it has not been 
possible to link with precision active neurologic signs, symp- 
toms, and type of insult to lesion status and extent in vivo. 
The present MR report opens up this possibility, 
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Book Review 





Craniospinal Magnetic Resonance Imaging. By Stephen J. Pomeranz. Philadelphia: Saunders, 677 pp., 1989. 


$125 


Advances in MR imaging technology and knowledge are occurring 
at an astonishingly rapid rate. Currently, 85-90% of MR studies are 
of the brain and spine. Thus, there is a need for a concise and 
comprehensive introductory text covering the broad and complex 
topic of MR imaging of the craniospinal axis. 

The stated objective of Craniospinal Magnetic Resonance Imaging 
is to provide a clinical reference for those engaged in MR imaging. 
This book attempts to present the most current data on this imaging 
technique and to integrate the various concepts of MR imaging so 
that clinicians of every level of sophistication in the field, from medical 
students to experienced neuroradiologists, can understand its appli- 
cations in the diagnosis of lesions of the brain and spine. Allowing for 
the fact that current developments in MR far exceed the most timely 
publication, the authors have, to a great degree, succeeded in their 
objective. Craniospinal Magnetic Resonance Imaging is a well-written, 
comprehensive introduction to this complicated subject. 

This book has 20 contributors and 22 chapters and spans 677 
pages, yet it is not bulky. The first four chapters cover MR physics, 
flow effects, and fast-scan imaging and give an introduction to 
craniospinal MR. This last chapter provides an understanding of the 
operator-dependent variables that determine image contrast and 
quality as they relate to daily clinical implementation of MR imaging. 

One chapter focuses on MR anatomy of the head and spine. 
Succeeding chapters are devoted to the different disease processes, 
both congenital and acquired, that affect the brain and spine in adults 
and in children. The final three chapters cover MR of the orbit, 
nasopharynx, and temporomandibular joint. The book has two ap- 
pendixes at the end. Appendix 1 is a summary of examination 
preferences (CT, MR) for evaluation of the cranium, spine, ears, nose, 
and throat. Recommended protocols for MR examination in different 
areas and for different clinical problems in the craniospinal axis, orbit, 
and temporomandibular joints are summarized in appendix 2. 

Each chapter is extensively illustrated, and effective use is made 


of tables. The text is well organized and concise but readable. The 
material, with a few exceptions, is current. Although the book has 20 
different contributors, it is written in a manner that flows from one 
subject to another. Each chapter is supported by an abundant, but 
not exhaustive, reference list. 

The chapters discussing MR physics and related topics and the 
chapter on MR imaging of hemorrhage explain some of the more 
difficult concepts of MR. Because of its contrast properties, MR has 
unusual pitfalls not typical of other imaging techniques. These may 
be due to canting or tilting of the head or to MR artifacts. An excellent 
chapter highlights this important topic. 

However, the book has a number of important deficiencies. Over- 
crowding and excessive labeling are detractions in the chapter on 
MR anatomy of the head and spine, although the anatomic sections 
are displayed with reasonable clarity. The discussion and illustration 
of MR contrast agents, specifically gadolinium, is limited. 

Although most of the illustrations are of a reasonable quality and 
standard, perhaps the most glaring shortcoming of this book is the 
poor quality of some of the images, which are significantly inferior to 
those that can be produced in routine daily practice. Furthermore, 
some of the images are not much larger than a postage stamp, and 
these miniature illustrations detract from the overall quality of the 
book. 

In spite of the deficiencies, Craniospinal Magnetic Resonance 
Imaging is a worthwhile purchase for those involved in the interpre- 
tation of neurologic MR images. It fills the void between the more 
detailed, bulkier texts and the smaller, less comprehensive primers in 
the field. This text should be a welcome addition to the library of 
everyone involved in the neurosciences. 


Solomon Batnitzky 
University of Kansas Medical Center 
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The Cerebellum in Sagittal 
Plane—Anatomic-MR Correlation: 


2. The Cerebellar Hemispheres 





Thin (5-mm) sagittal high-field (1.5-T) MR images of the cerebellar hemispheres 
display (1) the superior, middle, and inferior cerebellar peduncles; (2) the primary white- 
matter branches to the hemispheric lobules including the central, anterior, and posterior 
quadrangular, superior and inferior semilunar, gracile, biventer, tonsil, and flocculus; 
and (3) several finer secondary white-matter branches to individual folia within the 
lobules. Surface features of the hemispheres including the deeper fissures (e.g., hori- 
zontal, posterolateral, inferior posterior, and inferior anterior) and shallower sulci are 
best delineated on T1-weighted (short TR/short TE) and T2-weighted (long TR/tong TE) 
sequences, which provide greatest contrast between CSF and parenchyma. Correlation 
of MR studies of three brain specimens and 11 normal volunteers with microtome 
sections of the anatomic specimens provides criteria for identifying confidently these 
structures on routine clinical MR. 

MR should be useful in identifying, localizing, and quantifying cerebellar disease in 
patients with clinical deficits. 


The major anatomic structures of the cerebellar vermis are described in a 
companion article [1]. This communication discusses the topographic relationships 
of the cerebellar hemispheres as seen in the sagittal plane and correlates microtome 
sections with MR images. 


Materials, Subjects, and Methods 


The preparation of the anatomic specimens, MR equipment, specimen and normal volunteer 
scanning protocols, methods of identifying specific anatomic structures, and system of 
anatomic nomenclature are described in our companion article [1]. The pulse sequences 
illustrated in this article comprise proton-density-weighted images, 3000/20/4 (TR/TE/exci- 
tations); T1-weighted images, 600/20/4; and cardiac-gated T2-weighted images, 3642/70/2. 


Results 
Gross Anatomic Features of the Cerebellar Hemispheres 


Lobar and lobular divisions.—The cerebellar hemispheres are two large, lateral 
masses separated from the midline vermis by paired shallow surface indentations, 
the paramedian sulci [2]. The tentorium cerebelli, a transverse fold of the dura 
mater. stretches horizontally over the superior aspect of the hemispheres separat- 
ing them from the overlying occipital lobes of the cerebrum. The posterior, inferior, 
and lateral surfaces of the hemispheres lie adjacent to the meninges overiying the 
occipital bone. The precentral fissure separates the anterior paramedian aspect of 
each hemisphere from the posterior aspect of the pons and junction of the pons 
and midbrain [1]. Further laterally, the cerebellopontine angle cistern separates the 
anterior surface of each cerebellar hemisphere from the dorsal aspect of the 
petrous ridge [2]. 
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Key to Abbreviations Used in Figures 


An 
Ant Lobe 
ao 
Bi 
Ce 
cl 
Cm 
CP 
cpa 
Cu 
D 
De 
F 
FF 
fm 
Fo 
Gr 
hpr 
iac 
Ic 


anterior aspect of section 

anterior lobe of hemisphere 

atlantooccipital joint 

biventer 

centralis 

clivus 

corpus medullare 

collicular plate 

cerebellopontine angle cistern 

culmen 

dentate nucleus 

declive 

flocculus 

floor of fourth ventricle 

foramen magnum 

folium vermis 

gracile lobule 

hemisphere primordium 

internal auditory canal 

inferior colliculus 

inferior cerebellar peduncle 

jugular vein 

lingula 

medulla 

middle cerebellar peduncle 

nodulus 

pons 

petrous bone 

pontine flexure 

cerebellar primordium 

primary white-matter tract 

pyramis 

quadrangular lobule, posterior portion 

rhombic lip 

roof of fourth ventricle 

semicircular canal 

semilunar lobule, inferior portion 

semilunar lobule, superior portion 

temporomandibular joint 

tonsil 

uvula 

tuber vermis 

vermis primordium 

precentral fissure 

preculminate fissure 

primary fissure 

superior posterior fissure 

horizontal fissure 

prepyramidal fissure (vermis only) 

inferior posterior fissure (hemisphere 
only) 

inferior anterior fissure (hemisphere only) 

secondary fissure 

posterolateral fissure 
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Fig. 1.—Diagram of lobar and lobular structures of cerebellum. This 
modification of a standard anatomic diagram of the human cerebellum [3] 
permits rapid identification of the locus of any given term used here and 
in our companion report [1]. Abbreviations used to designate the anterior 
lobe of the hemisphere as a whole, and each of the individual lobules of 
the posterior lobe of the hemisphere and flocculus, are positioned on the 
left side of the diagram. Arranged on the right side of the diagram are the 
numerals used to designate the major fissures subdividing the cerebellum. 
Confined by the central pair of broken lines are abbreviations used to 
designate the lobules of the vermis. The bold line of the primary fissure 
(3) represents the boundary between the anterior and posterior lobes of 
the cerebellum. See key for abbreviations. 


The deep primary and posterolateral fissures extend out- 
ward from the vermis into the cerebellar hemispheres dividing 
them also into three portions: the anterior and posterior lobes 
and the hemispheric component of the flocculonodular lobe, 
the flocculus (HX) (Fig. 1) [1, 3]. Additional, shallower fissures 
subdivide the anterior and posterior lobes of the hemispheres 
into a series of lobules (HII-HIX). No hemispheric counterpart 
of vermian lobule | exists in humans [3, 4]. 

The lobules of the anterior lobe of the hemisphere (HII-HV) 
are bounded by the precentral cerebellar fissure and cerebel- 
lopontine angle cistern anteriorly and the primary fissure 
posteriorly (Fig. 1). The preculminate fissure separates the 
central lobule (HII and Hill) from the anterior quadrangular 
lobule (HIV and HV) [3, 4]. 

The lobules (HVI-HIX) of the posterior lobe of the cerebel- 
lum are bounded by the primary fissure (which separates 
them from the anterior lobe) and the posterolateral fissure 
(which separates them from the flocculus). Three additional 
fissures within the vermis extend also into the hemispheres 
to separate several of the five lobules of the posterior lobe of 
the hemisphere from one another: the superior posterior 
fissure separates the posterior quadrangular lobule (HVI) from 
the superior semilunar lobule (HVIIA), the horizontal fissure 
separates the superior semilunar lobule from its inferior com- 
ponent (also HVIIA), and the secondary fissure separates the 
biventer (HVIIl) and tonsil (HIX). Two remaining fissures are 
present within the hemispheres only and subdivide the re- 
mainder of the lobules of the posterior lobe: the inferior 
posterior fissure separates the inferior semilunar lobule and 
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Fig. 2.—Piane 1, through the brain- 
stem and anterior and posteror lobes 
of the cerebellum. See key for abbre- 
viations. 

A, Sagittal microtome section of 
specimen brain. (Luxol fast biee-cresyl 
violet myelin stain) 

B, Corresponding sagitta) proton- 
density-weighted image (3006/20/4) of 
same specimen brain before section- 
ing. 

C and D, Sagittal T1-weighzed, 600/ 
20/4 (C), ard cardiac-gated T2- 
weighted, 3842/70/2 (D), images of 38- 
year-old male volunteer. 

Pons and cerebellar hemisehere are 
continuous. Corpus medullare and su- 
perior and inferior cerebellar peduncles 
arch over tonsil. Primary white-matter 
tracts innervating posterior quadran- 
gular, semilunar, and gracile lobules 
and posterior portion of the biventer are 
well delineated on proto»-density- 
weighted image of anatomic specimen 
and T2-weighted image of ‘olunteer. 
Note hatchmarklike arrangement of 
gray and white matter withiretonsil (A, 
B, and D). Several primary wi'te-matter 
tracts to anterior lobe of hemisphere 
are obscured due to volume averaging 
on B and D. For the same reason, char- 
acteristic undulating contour of dentate 
nucleus is identifiable only oa thin (15- 
um) anatomic image (A). Gray and 
white matter have similar signal inten- 
sity on T1-weighted image; however, 
margins of hemisphere ane’ fissures 
are well defined on this image. Extra- 
parenchymal landmarks in this plane 
include a paramidline secticn through 
the clivus, intraarachnoid course of ver- 
tebral artery (arrowheads), and lateral 
medullary segment of postemor inferior 
cerebellar artery (arrows). C 


gracile lobule (HVIIB) and the inferior anterior fissure sepa- 
rates the gracile lobule and biventer (Fig. 1) [3, 4]. 

The flocculus is a separate lobe of the cerebellar hemi- 
sphere and contains only one lobule (HX). It represents the 
hemispheric componert of the flocculonodular lobe of the 
cerebellum and is bounded posteriorly by the posterolateral 
fissure and anteriorly by the cerebellopontine angle cistern 
[3, 4]. 

Two prominent fissures that do not form a boundary be- 
tween hemispheric lobeles are mentioned here to avoid con- 
fusion when viewing the anatomic and MR sections: (1) the 
intrabiventral fissure divides the biventer into anterior and 
posterior portions and £2) the intracrural sulcus 1 divides the 
superior semilunar lobele (HVIIA) into anterior and posterior 
portions {5}. 

Subiobular and folia. divisions.—Each lobule of the cere- 
bellar hemispheres coatains from one to three sublobules; 
each of these contains many folia. As is the case with the 
vermis of the cerebellum, the folium represents the minimum 
unit of structure of the cerebellar hemispheres [1, 4]. Each 
cerebellar hemisphere in humans contains 330 folia [4]. A 
more detailed description of the sublobular divisions of the 
hemispheres can be found in other sources [4, 5]. 
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Organization of the white matter.—The white matter of 
each cerebellar hemisphere radiates proximally into the brain- 
stem and distally into the lobules of the hemisphere from a 
central confluence known as the corpus medullare. This cen- 
tral body of white matter extends posterolateral to the fourth 
ventricle on each side and is much larger within the hemi- 
spheres than within the vermis [1, 3]. 

Three major white-matter bundles emanate from the ante- 
rior aspect of each corpus medullare to connect the cerebellar 
hemispheres with the three segments of the brainstem [3]. 
Axons of the superior cerebellar peduncles slope gently up- 
ward adjacent to the superolateral aspect of the fourth ven- 
tricle to decussate within the midbrain just beneath the red 
nuclei. Fibers of the middle cerebellar peduncles project an- 
teromedially as they exit the cerebellum to decussate in the 
tegmentum of the pons. Fibers of the inferior cerebellar pe- 
duncles turn sharply inferiorly just medial to the middle cere- 
bellar peduncles to enter the posterolateral aspect of the low 
pons and medulla (Figs. 2A and 3A). 

Smaller bands of white matter radiate from the corpus 
medullare to the hemispheric lobules. Thin (15-~m) parame- 
dian sagittal microtome sections reveal that three primary 
tracts enter the anterior lobe (HII-HV) (Figs. 2A, 3A, and 4A), 
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whereas six or seven primary tracts enter lobules HVI- 
HVIIl of the posterior lobe (Fig. 3A). Both the tonsil (lobule 
HIX of the posterior lobe) and the flocculus (HX) receive a 
single primary tract from the corpus medullare (Figs. 2A and 
3A) [3]. 


Anatomic Features of the Cerebellar Hemispheres on Sagittal 
Microtome and MR Sections 


Inspection of the cerebellar hemispheres revealed that sag- 
ittal sections would display its lobules and white-matter tracts 
in discontinuous segments. There are three reasons for this: 

1. The complex organization of the cerebellum as a whole. 
The greater portion of the cerebellum is a composite of 
multiple transverse lobules, each of which is crescent-shaped 
with a wedgelike cross section that widens toward the pe- 
riphery (Fig. 1). The cerebellar parenchyma may be thought 
of as a stack of such crescents, with the spaces between 
them analogous to the various fissures. At the center of the 
stack of crescents lies the fourth ventricle and cerebellar 
vermis forming its roof. Posterolateral to the fourth ventricle 
on each side are the paired corpora medullare, which send 
white-matter tracts into each of the hemispheric lobules. 

2. The varying radii of curvature of the different lobules. 
The anterior lobules (e.g., Hil and HIII), having a smaller radius 
of curvature than the posterior lobules, would be seen on the 
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Fig. 3.—Plane 2, through anterior 
and posterior lobes of cerebellum, mid- 
die cerebellar peduncle, and trigeminal 
root and/or flocculus. See key for ab- 
breviations. 

A, Sagittal microtome section of 
specimen brain. (Luxol fast blue—cresyl 
violet myelin stain) 

B, Corresponding sagittal proton- 
density-weighted image (3000/20) of 
same specimen brain before section- 
ing. 

C and D, Sagittal T1-weighted, 600/ 
20 (C), and cardiac-gated T2-weighted, 
3642/70 (D), images of 38-year-old 
male volunteer. 

in plane 2, lateral to brainstem and 
tonsil, corpus medullare becomes oval 
in shape. Middle cerebellar peduncle 
extends from corpus medullare to an- 
terior aspect of hemisphere. Biventer 
alone is sectioned at anteroinferior as- 
pect of hemisphere (compare with Figs. 
1A and 1B). Anterior lobe of hemi- 
sphere is smaller than in plane 1. Floc- 
culus may appear as a small, globular 
lobule at anteroinferior aspect of cor- 
pus medullare (A and B). Posterolateral 
aspect of dentate nucleus appears as 
a complete ring within corpus medul- 
lare and is best seen on anatomic im- 
age (A). Within superior aspect of cer- 
ebeliopontine angle cistern is trigem- 
inal nerve root (arrows, A and D), which 
courses over petrous bone to end in 
Meckel cave (D). Extraparenchymal 
landmarks identified in vivo include at- 
lantooccipital joint and vertebral artery 
(arrowheads) passing over posterior 
arch of C1 to enter cranial cavity. 


most medial sagittal sections only (Figs. 2A, 3A, and 4A), 
whereas the larger posterior lobules (e.g., HVIIA and HVIIB) 
would be present on all sagittal sections (Figs. 2A, 3A, 4A, 
5A, 6A, and 7A). 

3. Unlike the stacked crescent-shaped lobules, the flocculus 
and tonsil are significantly smaller, ovoid lobules that protrude 
from the anterior and inferomedial surfaces of the hemi- 
spheres, respectively, and would be seen on a limited number 
(one or two) of sagittal images (Figs. 3A and 4A) only. 

Analysis of the anatomic relationships of the cerebellar 
hemisphere in six sagittal sections revealed sequential and 
reproducible changes in the contours and relationships of the 
ind:vidual lobules, corpus medullare and smaller white-matter 
branches, brainstem, adjacent cisterns, and cerebellar fis- 
sures. The individual components of the hemispheres could 
be identified confidently and consistently on sagittal MR sec- 
tions by using the intrinsic configurations and signal intensities 
of these structures and by using secondary clues from the 
positions and configurations of the surrounding noncerebellar 
structures. 

Several observations can be made if the sagittal anatomic 
or MR sections are considered in sequence from the para- 
median plane (plane 1) toward the lateral plane (plane 6). 

Surface features: 

1. The shape of the norma! hemisphere in plane 1 (Fig. 2) 
is similar to an isosceles triangle with rounded corners. The 
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Fig. 4.—Plare 3, through anterior 
and posterior loves of hemisphere (lat- 
eral to middle cerebellar peduncle), 
and through focculus (hercispheric 
portion of floceulonodular lowe). See 
key for abbreviations. 

A, Sagittal microtome section of 
specimen brain (Luxol fast blue-cresy! 
violet myelin stain) 

B, Corresponding sagitta’ proton- 
density-weighted image (3080/20) of 
same specimea brain before section- 
ing. 

C and D, Sagittal T1-weighted, 600/ 
20 (C) and carciac-gated T2-weighted, 
3642/70 (0), image of 38-year-old male 
volunteer. 

This is the final section to include a 
portion of the anterior lobe ofthe hem- 
isphere. Dentate nucleus is net present 
in A. Flocculus protrudes tenguelike 
into inferior aspect of cerebedopontine 
angle cistern (> and D). Three-layered 
cortex of cerebellum is thinner than six- 
layered cortex of inferior occipital lobe 
(arrows, D}. Extraparenchymal land- 
marks identified in this plame in vivo 
include apex ef petrous bore anterior 
to porus acusficus, lateral edge of fo- 
ramen magnum, and vertebral artery 
(arrowheads). 


side of the :riangle adjacent to the brainstem (anterior leg) is 
formed by the upper margin of lobules Hil and HIII superiorly, 
the anterior aspect of tae cerebellar peduncles in the middle, 
and the ant3rior aspectof the cerebellar tonsil (HIX) inferiorly. 
The supericr aspect of obules HIV-HVIIA forms the superior 
leg of the triangle. The inferior leg is formed by the inferior 
aspect of Icbules HVIIA—HIX. 

In plane 2 (Fig. 3), the anteroposterior diameter of the 
cerebellar hemisphere 2xceeds the superoinferior diameter, 
and the henisphere aceuires an oval shape. The shape of the 
hemisphere becomes more rounded in planes 4-6 (Figs. 5- 
7) due to the progressive shortening of its anteroposterior 
diameter exceeding tre shortening of its superoinferior di- 
ameter. 

2. Because the inferor aspect of the tonsil may lie slightly 
closer to tre midline than its superior aspect does, a variable 
portion of the adjacert biventer often appears as an arch 
beneath the tonsil in plane 1 (Fig. 2). 

3. The cerebellopon*ne angle cistern is most prominent in 
planes 2 and 3. Traversing the superior aspect of the cistern 
is the trigeminal nerve-root proceeding from its origin in the 
lateral tegmentum of the pons/middle peduncle junction re- 
gion to Meckel cave (Figs. 3A and 3D). The flocculus extends 
into the inferior aspect of the cerebellopontine angle cistern; 
it appears as a tubular or globular, <1-cm mass protruding 
from the arterior aspect of the hemisphere at the lower margin 
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of the corpus medullare (Figs. 3A, 3B, and 4). The flocculus 
and cisternal segment of the trigeminal nerve are seen only 
in planes 2 or 3 or both. 

4. The lower midbrain, pons, and corpus medullare are 
continuous in plane 1, joined by fibers of the cerebellar 
peduncles (Fig. 2). Depending on the precise plane of section 
and the size of the various structures in each patient, different 
portions of the peduncles will be included in this immediately 
paramedian section. Fibers proceeding anterosuperiorly from 
the cerebellum to the midbrain and pons within a thin (<1-cm 
transverse diameter) white-matter band are part of the supe- 
rior peduncle. Fibers within a larger bundle proceeding anter- 
oinferiorly toward the pons and medulla represent portions of 
the middle and inferior peduncles. This region is variable in 
appearance. No midbrain, lower brainstem, or tonsillar tissue 
is present on the more lateral sections. 

Deep features: 

1. Frequently, the white matter of the corpus medullare and 
cerebellar peduncles is seen as an arch over the top of the 
ovoid contour of the tonsil (HIX) in plane 1 (Fig. 2). The shape 
of the corpus medullare is distinctly different in planes 2 and 
3 (Figs. 3 and 4), becoming a biconvex low-signal region 
within the center of the hemisphere. The fibers of the middie 
cerebellar peduncle are sectioned obliquely and form the 
anterior margin of the central white-matter mass in plane 2 
(Fig. 3). In plane 4, the appearance of the corpus medullare 
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changes again, becoming much smaller with linear upper and 
lower margins from which primary branches radiate into the 
superior and inferior semilunar lobules (Fig. 5). Planes 5 and 
6 (Figs. 6 and 7) (beyond the lateral aspect of the corpus 
medullare) section obliquely along primary tracts of white 
matter within the superior and inferior semilunar lobules. 
Situated above and below the horizontal fissure, these pri- 
mary tracts appear as diverging hypointense bundles sur- 
rounded by manties of gray matter having higher signal inten- 
sity. 

2. The gray-/white-matter distinction within lobules HII-HV 
of the anterior lobe and HVI and HVIII of the posterior lobe as 
well as the primary and superior posterior fissures may be 
obscured on sagittal MR images (Figs. 2B, 2D, 3B, and 3D) 
in comparison with gross and microtome sections (Figs. 2A 
and 3A). The reasons for this are (1) the relatively small radius 
of curvature of these structures, which causes them to be 
sectioned most obliquely on sagittal images; combined with 
(2) volume averaging inherent in obtaining 5-mm-thick MR 
sections. Thinner (15-um) microtome sections minimize these 
difficulties and depict the smallest anatomic details. 

3. Situated within the corpus medullare posterolateral to 
the fourth ventricle are the paired deep nuclear structures of 
the cerebellum. From medial to lateral they are the fastigial, 
globose, emboliform, and dentate nuclei. In 5-mm-thick sag- 
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Fig. 5.—Plane 4, through posterior 
lobe of hemisphere and corpus medul- 
lare. See key for abbreviations. 

A, Sagittal microtome section of 
specimen brain. {Luxol fast blue-cresyl 
violet myelin stain) 

B, Corresponding sagittal proton- 
density-weighted image (3000/20) of 
same specimen brain before section- 
ing. 

C and D, Sagittal T1-weighted, 600/ 
20 (C), and cardiac-gated T2-weighted, 
3642/70 (D), images of 38-year-old 
male volunteer. 

Lateral to anterior lobe of hemi- 
sphere, corpus medullare becomes 
smaller, with linear upper and lower 
margins. Profile of hemisphere as a 
whole is more rounded. Flocculus is no 
longer present. Extraparenchymal 
landmarks identified in this plane in 
vivo include cranial nerves Vil and VIII 
within internal auditory canal and ver- 
tebral artery (arrowheads) coursing 
posteromedially from transverse fora- 
men to posterior arch of atlas. 


ittal MR images the deep nuclei of the cerebellum may be 
difficult to resolve due to their small size (fastigial, globose, 
and emboliform), serpentine configuration (dentate), and low 
signal intensity due to iron deposition (dentate); nevertheless, 
thinner anatomic sections display the dentate nuclei well. 
Each dentate nucleus has a characteristic undulating margin 
and a convex upward contour in paramidline plane 1 (Fig. 
2A); the nucleus becomes a complete oval in plane 2 (Fig. 
3A). The dentate is no longer present on sagittal sections 
lateral to plane 2 (Figs. 4A, 5A, 6A, and 7A). 

4. Unique to the cerebellum is a relatively thin (0.7-mm) 
three-layered cortex consisting of a deep cellular (granular) 
layer containing closely packed granule cells; a middie mon- 
ocellular (Purkinje) layer containing Purkinje cells; and a su- 
perficial (molecular) layer containing mainly a feltwork of nerve 
fibers, dendrites, and glial processes [6, 7]. In contrast, the 
large majority of the cerebral cortex comprises thicker (1.45- 
4.5 mm) iso- (or neo-) cortex that contains six layers [7]. This 
histologic difference is detected on anatomic and MR sagittal 
sections as a thinner cortical mantle overlying the cerebellar 
vermis and hemispheres when compared with that overlying 
the adjacent gyri of the occipital lobes (Fig. 4D). 

Imaging landmarks on sagittal MR.—Nonparenchymal land- 
marks consistently identified in each of the six imaging planes 
in our volunteers included (1) plane 1 (Figs. 2C and 2D): 


AJR:153, October 1989 


Fig. 6.—Flane 5, through posterior 
lobe of hemisphere lateral tc corpus 
meduliare. See key for abbreviations. 

A, Sagittal microtome section of 
specimen brain. {Luxol fast blue-cresy! 
violet myelin stain) 

B, Corresponding sagittal proton- 
density-weighted image (300:)/20) of 
same specimen brain before section- 
ing. 

C and D, Sagittal T1-weighted, 600/ 
20 (C), and cardiac-gated T2-weighted, 
3642/70 (D), images of 38-year-old 
male voiunteer. 

Primary white-matter tracts isnervat- 
ing superior and inferior porvons of 
semilunar lobule diverge posteriorly. 
This is the final section to include a 
portion:of the biventer and graiile lob- 
ules. Extraparenchymal lardmarks 
identified in this plane include semicir- 
cular canals and vestibule within pet- 
rous bone and internal jugular wein. 


C 


paramedian section through clivus, intraarachnoid course of 
the vertebral artery, and 'ateral medullary segment of the 
posterior inferior cerebellar artery; (2) plane 2 (Figs. 3C and 
3D): atlantooccipital joint and vertebral artery coursing over 
the posterior arch of C1; (3) alane 3 (Figs. 4C and 4D): petrous 
apex medial to porus acusticus and lateral edge of foramen 
magnum; (4) plane 4 (Figs. 5C and 5D): seventh and eighth 
cranial nerves. within CSF-‘lled internal auditory canal and 
vertebral artery coursing saperiorly and posteriorly through 
the transverse foramen o? the atlas to reach the sulcus 
arteriosus on the superior sarface of the posterior arch of C1; 
(5) plane 5 (Figs. 6C and 6D}: semicircular canais and vestibule 
and internal jugular vein; ard (6) plane 6 (Figs. 7C and 7D): 
temporomandibular joint. The vertical portion of the sigmoid 
sinus appears on the sagittal section just lateral to the cere- 
bellar hemisphere. 


Discussion 
Development of the Cerebeliuum 


A brief review of key stages in the development of the 
cerebellum will contribute gseatly to understanding its adult 
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appearance on sagittal MR. Neuroblasts, which form the 
cerebellum, derive ultimately from symmetric “alar plates” on 
both sides of the rhombencephalon beneath the roof of the 
the fourth ventricle, sites of intense neuroblastic activity (6, 
8]. At the beginning of the second month of life, the prolifer- 
ating neuroblasts form paired rhombic lips (cerebellar rudi- 
ments) that thicken, project further into the fourth ventricle, 
and extend progressively toward the midline (Figs. 8A and 
8B). At the end of the second month of gestation, the rhombic 
lips of the two sides fuse in the midline beginning rostrally, 
and the anterior lobe of the vermis is thereby formed before 
the posterior iobe. During the third month, the cerebellum 
acquires additional cells at such a rate that it begins to bulge 
extraventricularly (Figs. 8C and 8D). The middle regions of 
the vermis and hemispheres proliferate more extensively than 
the rostral or caudal extremes, and the simple linear structure 
of the developing cerebellum becomes mushroom-shaped 
(6, 8]. 

The growth of the cerebellum posterior to the roof of the 
fourth ventricle creates the posterolateral fissure early in the 
third month [6. 8]. All of the remaining horizontally oriented 
fissures, which divide the cerebellar vermis and hemispheres 
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Fig. 7.—Plane 6, through superior 
and inferior portions of semilunar lob- 
ule. See key for abbreviations. 

A, Sagittal microtome section of 
specimen brain. (Luxol fast blue-—cresy! 
violet myelin stain) 

8, Corresponding sagittal proton- 
density-weighted image (3000/20) of 
same specimen brain before section- 
ing. 

C and D, Sagittal T1-weighted, 600/ 
20 (C), and cardiac-gated T2-weighted, 
3642/70 (D), images of 38-year-old 
male volunteer. 

Horizontal fissure divides com- 
pletely the remainder of the hemi- 
sphere into upper and lower portions 
containing lateral-most aspects of su- 
perior and inferior semitunar lobules, 
respectively. Temporomandibular joint 
is extraparenchymal landmark consist- 
ently identified in this plane in vivo. 
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into transverse lobules, are visible by the end of the fourth 
month (Figs. 8E and 8F). Eventually, continued hemispheric 
growth outstrips growth of the vermis, creating the sagittally 
directed paravermian sulci between the hemispheres and the 
vermis (Fig. 8F). Moreover, to accommodate the expansion 
of lobules HVIIA and HVIIB, a shift in the hemispheric lobules 
occurs—the biventral lobules (HVII), tonsils (HIX), and flocculi 
(HX) are pushed anteriorly, inferiorly, and medially from their 
initially lateral position, attaining their final position along the 
anteroinferior aspect of the hemispheres (Figs. 8E-8G). This 
shifting process, together with growth of the tonsils them- 
selves, results in a sagittally directed furrow between them 
and the vermis [6-8]. 


Functional Anatomy and Connections of the Cerebellar 
Hemispheres 


A major responsibility of the cerebellum is the coordination 
of motor responses. Through its synergistic action, reflex and 
voluntary motor acts become coordinated and effective [7]. 


In broad general terms, distinct clinical abnormalities can be 
referred to two major sagittal zones of function (midline and 
lateral) within the cerebellum that correspond closely to its 
anatomic organization. These zones have distinct (but over- 
lapping) functions [10]. The midline zone, containing the ver- 
mis and fastigial nuclei, is related mainly to activities of the 
midline musculature of the body [10]. The functional anatomy, 
connections, and disorders of the midline zone are described 
more fully in our companion article [1]. 

The lateral (hemispheric) zone of the cerebellum consists 
of the hemisphere and the dentate, globose, and emboliform 
nuclei of each side. The cerebellar hemispheres are phyloge- 
netically younger than the midline structures, and are con- 
cerned with movements of the proximal and distal extremities. 
Neurons of the lateral hemispheric cortex (including the most 
lateral region of the anterior lobe and the lateral portions of 
the superior and inferior semilunar lobules, HVIIA) project to 
the dentate nuclei, which then project to the ventrolateral 
thalamic nucleus [10]. Nerve fibers from this portion of the 
thalamus ascend to the precentral gyrus and influence finely 
coordinated movements of the distal extremities. Cortical 
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Fig. 8.—-Normal development of cerebellum on lateral (A and C) and posteroinferior (B, 


D, and E~G) views. See key fer abbreviations. (Adapted from [5, 9].) 


A and 8, At 5 weeks, symmetric alar plates (cerebellar rudiments) are noted beneath 
membranous roof of fourth ventricle on both sides of thombencephaion. Alar plates (sites 
of proliferating neuroblasts) fuse in midline beginning rostrally; anterior lobe of vermis is 


thereby formed before posterior lobe. 


C and D, At 3 months, as cellular proliferation continues, enlarging cerebellum bulges 


extraventricularly (C); vermis has fused in midline (0). 


E, At 4 months, several additional horizontally oriented fissures are visible initially within 


vermis. 


F, By 5 months, these fissures extend across entire cerebellum. Sagittally oriented 


paravermian sulci form due te hemispheric overgrowth. 


G, At birth, interior vermis is-covered nearly entirely by expanded hemispheres. Flocculus, 
tonsil, and biventer become wedged anteromedially due to growth of superior and inferior 
semilunar and gracile lobules{E-G). Similarly, overgrowth of anterior and posterior lobules 
of vermis causes apparent “tucking in” of nodulus, which comes to indent inferior aspect 
of fourth ventricle. (For orientation, brainstem is lightly outlined by broken line in G.) 


neurons of the medial pertions of the cerebellar hemispheres 
project to the globose and emboliform nuclei. These nuclei 
project subsequently to the red nucleus and ventrolateral 
thalamic nucleus. The rubrospinal tract (originating from cells 
of the red nucleus) synapses with both medial and lateral 
groups of anterior hora cells of the spinal cord, thereby 
influencing the activity ofjproximal and distal limb musculature, 
respectively. This pathway is involved in several motor func- 
tions including phasic limb movements, maintained positions 
of an extremity, stance, gait, and posture [10]. 

Motor signs accompanying lesions involving mainly the 
cerebellar hemispheres include ipsilateral static and kinetic 
tremors of the extremities, dysmetria, dysdiadochokinesia 
(abnormal rapid alternating movements), excessive rebound, 
impaired check reflex, decomposition of movements, past- 
pointing, and hypotonia [10]. 
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Clinical and basic research indicates that the cerebellum 
(particularly the posterior lobe of the hemispheres and vermis) 
regulates, integrates, and coordinates a wide variety of addi- 
tional, nonmotor concerns including level of consciousness, 
learning, memory, and motivated behavior. For example, early 
investigators recognized that cerebellar damage occurring in 
adulthood may be associated with lethargy and coma [10] or 
psychosis [10, 11]. Others observed that retarded intellectual 
functioning is typically associated with developmental disor- 
ders of the cerebellum ranging from hypoplasia [12-14] to 
near total agenesis [15, 16]. In many such instances, lesions 
found in the CNS outside the cerebellum were insufficient to 
explain the severity of the mental retardation [1 2]. More 
recently, in a test of word meaning and association, the 
cerebellum was one of three sites of significant neural activity 
defined by positron emission tomography (Petersen SE, Fox 
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PT, Posner MI, Mintun MA, Raichle ME, persona! communi- 
cation). In addition, the posterior lobe of the cerebellum has 
been shown to be an “obligatory part” of the discrete adaptive 
response circuit for associative learning; the cerebellum may 
be the locus of the memory trace for learned responses of 
this kind [17, 18]. 

Such clinical data and experimental observations require a 
reassessment of the role of the cerebellum in normal CNS 
functioning. Indeed, one investigator has proposed that the 
role of the cerebellum may extend far beyond regulation of 
simple motor activities to encompass global coordination of 
many additional types of behavior for the purpose of optim- 
izing information acquisition (sensory reception) during active 
exploration of the environment (Bower J, personal communi- 
cation). MR will likely facilitate defining the bounds of the 
“expanding” role of the cerebellum by providing improved in 
vivo identification, localization, and quantification of cerebellar 
disease in patients whose clinical deficits can be thoroughly 
tested [19]. 
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MR Imaging of Muscles of 
Mastication 














High-field MR imaging was used to study structural and physiologic alterations 
involving the muscles of mastication in 46 patients. Muscular abnormalities were often 
detected incidentally in conjunction with lesions of the CNS, cranial nerves, facial bones, 
and/or temporomandibular joint (TMJ). Specific pathologic alterations observed included 
anomalies of musculoskeletal development, muscle hypertrophy, atrophy (disuse and 
denervation), inflammatory disorders, injuries (including contusions, tears, and muscle 
rupture), posttraumatic musculoskeletal deformities, and reflex sympathetic dystrophy. 
Atrophy, fatty replacement, fibrosis, and contracture of selected muscles of mastication 
may accompany internal derangement of the TMJ in the absence of traumatic deformity. 

We conclude that MR is a highly accurate imaging method for detecting masticatory 
muscle disease. Nontraumatic anatomic and physiologic abnormalities of the muscles 
of mastication are uncommon disorders. Demonstrable muscle alterations frequently 
accompany fracture dislocations of the mandibular condyle neck and related facial 
bones onto which masticatory muscles attach. 


imaging of the trigeminal nerve and TMJ has been revolutionized by thin-section 
CT and MR [1-15]. The normal and abnormal muscles of mastication and cranio- 
mandibular apparatus may be routinely studied with head- and surface-coil MR 
imaging techniques. We investigated the MR characteristics of various structural 
and physiologic alterations within the muscles of mastication by using high-field 
MR imaging. 


Materials and Methods 


We selected for retrospective study 46 patients (14-69 years old) in whom abnormalities 
of the muscles of mastication were demonstrated with high-field MR imaging. Cases of 
radiologically demonstrable muscle abnormalities were selected from over 2600 surtace-coil 
studies of the temporomandibular joint (TMJ) (over 1500 patients) and 1400 MR studies of 
the brain, head, salivary glands, and facial region (over 2800 total patients) obtained at an 
outpatient imaging center during a 28-month period. All cases in the study were either formally 
interpreted or reviewed by a single investigator. At least 100 patients had both surface-coil 
MR studies of the TMJ and head-coil studies of the brain, masticatory muscles, and face. In 
many cases, masticatory muscle abnormalities were observed incidentally during evaluation 
of the brain, head, and neck; however, muscle disease was prospectively considered in all 
patients, especially those with a history of mandible-facial trauma and those having surface- 
coil TMJ imaging [8, 10-12]. 

Indications for brain-head imaging studies (performed with the head coil) where muscle 
lesions were found incidentally were diverse and included headache; facial pain; otalgia; 
decreased hearing; cranial nerve deficits; recent head and/or facial injury; suspicion of 
demyelinating disease; and question of CNS, skull base, temporal bone, salivary gland, or 
paranasal sinus neoplasia and/or inflammatory disease. 

Indications for TMJ surface-coil studies included headache; TMJ and/or ipsilateral facial 
pain; otalgia; decreased hearing; TMJ clicking; crepitus and/or locking; asymmetric jaw 
movement during either speech or mastication; recent TMJ and/or mandibular injury; facial 
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asymmetry, where muscle pathology was a major consideration; and 
recent change in skeletal occlusion within 12 months of imaging. 
Most patients who underwent MR study of the TMJ had been 
screened with submentovertex and anteroposterior, jaw-protruded 
radiographs and tightly collimated closed- and open-mouth lateral 
TMJ tomograms to assess osseous Structures. 

Three normal volunteers (22-38 years old) underwent both head 
and TMJ MR studies for the purpose of providing normal muscle 
images (Figs. 1 and 2). In addition, a normal 61-year-old woman had 
surface-coil TMJ imaging to assess muscle size and morphology (Fig. 
3). The masticatory muscles were carefully studied in normal volun- 
teers and compared with cases of suspected abnormality. Side-to- 
side symmetry in muscle size, length, and intrinsic signal character- 
istics was assessed in each patient. Care was taken to clearly identify 
each muscle within each patient and compare cases of suspected 
abnormality with relatively age-matched (+5 years) normal individuals 
when normal controls were available. 

All studies were performed with a 1.5-T superconducting G.E. 
magnet. Each head study was performed with a commercially avail- 
able head coil and tailored toward the specific anatomy and com- 
plaints in question. A typical study of the brain, trigeminal ganglia, 
and masticator muscles included a sagittal, 5-mm-thick MR image, 
500-600/20/1, 2 (TR range/TE/excitations) with a 256 x 128 matrix 
and a 24-cm field of view (FOV), followed by multiecho axial (2000- 
3200/30, 80-100/1, 2) and coronal (600-900/20/1) or multiecho 
(2400-2800/30, 800-100/1, 2) 3-5-mm-thick images with 1-2.5-mm 
interspaces, respectively, between images. 

Surface-coil studies of the TMJ were performed with either a single, 
commercially available 8.9-cm round, receive-only surface coil or a 
dual 8.9-cm round, bilateral, receive-only surface-coil apparatus, with 
coupled coils designed to prevent radiofrequency feedback. A typical 
screening TMJ study employed a preliminary axial, 300-600/20/1, 
sequence with three to eight 5-mm-thick images obtained for man- 
dibular condyle localization and morphology, followed by seven to 
nine nonorthogonal, 3-mm-thick images (600-2500/20-25, 80-100/ 
1, 2) with a 1-mm interspace, 256 x 192-256 matrix, and 12-13-cm 
FOV through the full width of each condyle, scanning perpendicular 
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to the long condylar axis. Short GRASS (gradient-recalled acquisition 
in the steady state) scans were routinely performed with the mouth 
closed, partially open, and fully open after closed-mouth multiecho 
long TR/short and long TE pulse sequences. Further details of 
surface-coil single- and dual-coil TMJ studies have been previously 
described [8, 11-15]. 


Results 


Eight patients exhibited anomalous craniomandibular de- 
velopment such as acquired, nontraumatic facial asymmetry 
with either enlarged (hypertrophic) (Figs. 4 and 5) or small 
(hypoplastic-atrophic) (Fig. 6) muscles of mastication either 
unilaterally or bilaterally (Table 1). We observed either old or 
recent traumatic injuries affecting the muscles of mastication 
in 18 patients; these injuries included muscle laceration, con- 
tusion, rupture, alteration in length, fibrosis, and focal tears 
(Figs. 7-9). Two patients exhibited findings compatible with 
reflex sympathetic dystrophy (RSD) involving the entire uni- 
lateral masticatory musculature in conjunction with a history 
of previous trauma, including skull fracture requiring craniot- 
omy (Fig. 10) and fracture dislocation of the mandibular 
condyle neck (Fig. 11). Five patients with diffuse masticatory 
muscle atrophy had an underlying systemic illness such as 
myesthenia gravis (Fig. 12), polymyositis, progressive sys- 
temic sclerosis, or rheumatoid arthritis (Fig. 13). Three pa- 
tients had unilateral muscle atrophy associated with mass 
lesions arising either within or adjacent to and externally 
compressing the ipsilateral trigeminal ganglion (Fig. 14). Nine 
patients exhibited such findings as muscle hypoplasia, atro- 
phy, and/or fatty replacement of the superior belly of the 
lateral pterygoid muscle (SBLP) in conjunction with internal 
derangements of the TMJ (Figs. 15-19). One patient with a 
3-month history of severe TMJ pain and a documented (with 





Fig. 1.—Normal muscles of mastication in 32- 
year-old female volunteer with medium build. 
Closed-mouth coronal 3-mm-thick MR image, 800/ 
20, with head coil shows normal temporalis (open 
arrows), masseters (solid white arrows), and me- 
dial pterygoids (mp), representing the muscles of 
jaw closure. Superior (curved arrows) and inferior 
(small black arrows) bellies of lateral pterygoids 
function in mouth opening. 


Fig. 2.—Normal pterygoid muscles and TMJ 
in 37-year-old male volunteer with average build. 
Sagittal, 3-mm-thick MR image, 500/20, with sur- 
face coil (with mouth closed in centric occlusion) 
reveals normal superior (sb) and inferior (ib) 
bellies of lateral pterygoids. mp = medial ptery- 
goid, c = mandibular condyle. 


Fig. 3.—Normal pterygoids and TMJ in 61- 
year-old female volunteer with average build. 
Sagittal MR image, 600/20, with mouth closed, 
shows normal medial (large black arrow) ptery- 
goid. Superior (curved black arrow) and inferior 
{ib) bellies of lateral pterygoids control TMJ me- 
niscus (curved white arrow) and mandibular con- 
dyle (c), respectively. 
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Fig. 4.—Hypertrophic muscies of mastication in Fig. 5.—Asymmetric tatera! pterygoid muscle length resulting from developmentally hypertrophic 
24-year-old woman with right-sided temporal mandibular condyle in 32-year-old man with long history of right-sided headache, facia! pain, and 
headaches, tender temporalisamuscles, and long TMJ dysfunction. 
history of noctumal bruxism. Coronal, 3-mm-thick A, Axial MR image, 2000/30, shows enlarged right condyle (large white arrow) with shortened 
MR image, 800/20, reveals asymmetric hypertro- superior belly of right lateral pterygoid muscle (black arrows). Curved arrow = normal left condyle, 
phy between left- and right-sided temporalis (T), p = normal right pterygoid plate. 
masseter (M), lateral (ip), ane medial pterygoid B, Closed-mouth sagittal TMJ MR image, 600/20, shows enlarged and deformed condyle (C) with 
(mp) muscles. Note massively hypertrophic right shortened superior belly of right lateral pterygoid (arrow). 
temporalis (oper arrow) and masseter (solid ar- 
row) compared with moderateiy hypertrophic left 
side (compare with Fig. 1). 
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Fig. 6.—-Severe developmentai:masticatory muscle atrophy and contracture in 17-year-old boy with asymmetric jaw motion and severely restricted left 
condylar motion resulting from childhood facial injury. Coroncid process (not shown) is severely hypoplastic. 

A, Axial, 5-mm-thick MR image. 2400/30, shows fatty replacement of pterygoids (curved arrow) and atrophy of masseter (straight black arrow). Note 
asymmetrically enlarged and aerated left pterygoid plate (white arrow). 

B, Coronal, 3-mm-thick MR image, 800/20, shows complete fatty replacement and fibrosis of temporalis (straight black arrow) and pterygoids (curved 
arrow). Left masseter (white arrow) is atrophic but less involved than temporalis and pterygoids. Right-sided muscles slightly hypertrophic (compare with 
Figs. 1 and 4). 

C, Closed-mouth sagittal TMJ MR image, 700/20, with surface coil reveals severe atrophy and fatty replacement of medial (straight arrow) and lateral 
(curved arrows) pterygoids. 


MR imaging) inflammatory TMJ arthropathy exhibited ipsilat- Discussion 
eral atrophy of the entire masticatory musculature, suggesting 


pain-induced RSD. Fascial-space fluid was observed above The major muscles of mastication receive motor innervation 
and surrounding the SBLP in association with inflammatory from the mandibular division (V-3) of the trigeminal nerve. The 
TMJ anthropathy and large upper-joint-compartment effu- larger jaw-closure muscles include the medial pterygoid, tem- 


sions (Fig. 20) [15]. poralis, and masseter. Muscles of jaw opening include the 
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superior and inferior belly of the lateral pterygoid, innervated 
by V-3, and the platysma and anterior belly of the digastric, 
both of which receive motor supply from the 7th cranial nerve. 
Normal and hypertrophic masticatory muscles are usually well 
visualized with both head- and surface-coil MR studies, ap- 
pearing mildly hypointense and of uniform intrinsic signal 
intensity with either T1-weighted or long TR/short TE images 
(Figs. 1-4, 19) [2, 7, 8, 11]. Tendons are well delineated by 
their very low intrinsic signal, which contrasts sharply with 
adjacent muscle and fat. Side-to-side symmetry of muscle 
size, morphology, and intrinsic signal characteristics within 


TABLE 1: Diagnoses Associated with MR Alterations in the 
Muscles of Mastication (n = 46, ages = 14-69 years) 


a RS E RS ESE TC SS ESS 





; . Number of 
Diagnosis Patients 
Anomalous development 8 
Trauma 
Old 10 
Recent 8 
Posttraumatic reflex sympathetic dystrophy 2 
Systemic illness 
Myesthenia gravis 1 
Polymyositis 1 
Progressive systemic sclerosis 1 
Rheumatoid arthritis 2 
Mass lesion affecting trigeminal ganglion 3 
Internal derangement of TMJ (no associated frac- 
ture of traumatic deformity) 9 
Reflex sympathetic dystrophy accompanying 
inflammatory TMJ arthropathy 1 
Total 46 


a ec AO EEE RRC ART ETRE INE TEE EEE TE EE A TN 
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Fig. 7.—-Lateral pterygoid muscle shortening 3 
weeks after fracture dislocation of mandibular 
condyle (C) in 14-year-old boy. Closed-mouth sag- 
ittal TMJ MR images, 2200/25 (top) and 2200/80 
(bottom), reveal shortening of superior belly of 
right lateral pterygoid (curved arrows). TMJ menis- 
cus (large white arrows) remains normaily posi- 
tioned relative to condyle, separating upper- and 
lower-joint-compartment fluid collections (smail 
arrows). 


severely atrophic. 
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each individual is most important, since marked variation 
between patients is the rule. Variations between individuals 
relate to a broad range of factors, including skeletal size 
(genetic and/or growth related), age, masticatory habits, and 
general health (Figs. 1-6, 12, 13). Factors that might influence 
masticatory muscle appearance should be sought in patients 
exhibiting muscle abnormalities on MR studies. 

Normal and abnormal masticatory muscles may be studied 
with sequential MR images during various stages of the 
masticatory cycle with either T1-weighted or GRASS fast 
scans to simulate dynamic muscle function (Fig. 9) [8, 9, 11, 
12]. Anomalous musculoskeletal development, such as either 
facial or mandibular hemihypertrophy/hemiatrophy may result 
in demonstrable asymmetry in masticatory muscle size and 
length (Figs. 5 and 6). Alterations of muscle length and/or 
mass may result in a decreased force (amplitude) and length 
(distance) of contraction, which might secondarily affect mas- 
tication and/or phonation by causing asymmetric jaw motion 
and function. Internal derangements of the TMJ may cause 
similar clinical afflictions by interfering with normal joint and 
masticatory muscle function. 

Atrophic muscles on occasion exhibit increased signal on 
short and long TR/short TE images due to dystrophic changes 
and/or fatty replacement (Figs. 6, 8, 10-15). Familial masti- 
catory muscle hypertrophy has been described [16, 17]. 
Mandibular coronoid process hypertrophy is known to result 
in chronic restriction of TMJ mobility, in many instances 
leading to atrophy and contracture of the muscles of jaw 
closure due to decreased range of motion and the lack of 
periodic muscle stretching [18]. 

Atrophy, fatty replacement, and fibrosis of the muscles of 
mastication occur with either disuse or denervation. Disuse 
atrophy is frequently observed after immobilization, in debili- 





Fig. 8.—Severe muscle atrophy and contracture resulting from oid, healed bilateral condylar neck 
fracture dislocations in 44-year-old man with only 4 mm of vertical mouth opening. 

A, Axial, 5-mm-thick, adjacent MR images, 500/20, obtained with dual TMJ surface-coil apparatus, 
show displaced condyles (C) with large calluses (open arrows) originating from healed condylar 
neck fractures. Medial pterygoids (curved black arrows) and masseters (solid black arrows) are 


B, Closed-mouth, sagittal, 3-mm-thick, surface-coil MR image, 2200/25, of left TMJ reveals atrophic 
medial pterygoid (curved arrow) with severe fibrosis of superior belly of right lateral pterygoid 
(straight arrow). (Compare with lower image in A.) TMJ meniscus (M) is normally positioned relative 
to deformed mandibular condyle (C). 
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Fig. 9.—Partiai muscle tear in 56-year-old woman who experienced severe TMJ and facial pain 


after postericr molar extractions performed under general anesthesia. 


A, Sagittal, closed-mouth MR image, 600/20, shows partial tear and retraction of inferior fibers 
(curved black arrows) of superior belly of right lateral pterygoid (compare with Figs. 2, 3, and 5). TMJ 


meniscus (white arrow) is rormal in position and morphology. 


B, Closed- (left) and opea-mouth (right) sagittal GRASS images show nonfunction of torn muscle 


fibers (arrows) during mouth opening. C = mandibular condyle. 
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Fig. 10.—Severe muscle atrophy suggesting 
posttraumatic reflex sympathetic dystrophy in 65- 
year-old woman with severe left-sided headache, 
facial pain, and restricted jaw motion 20 years after 
left-sided skull fracture and craniotomy. Coronal, 
3-mm-thick MR image shows complete fatty re- 
placement of masticatory muscles (arrows). Op- 
posite side is normal for age. 





C 


Fig. 11.—Posttraumatic reflex sympathetic dystrophy 3 months after fracture dislocation of mandibular condyle in 46-year-old woman with severe, 
constant left-sided facial pain, unilateral muscle wasting, and complete loss of mouth-opening ability. 

A, Axial, 5-mm-thick MR: image, 2000/20, shows dislocated condyle (curved arrow) with normal intrinsic marrow signal. Masseter (straight arrows) 
exhibits higher signal than epposite side. (Reprinted with permission from [10].} 

B, Axial MR image, 2000/80, above that in A, reveals signal-intense fluid (curved arrow) within empty glenoid fossa and slightly increased signal within 


Clinically atrophic and tender left masseter (straight arrows). 


C, Frontal view of three-cimensional CT scan of disarticulated mandible shows displaced condyle (straight arrow) and callus (curved arrow) at site of 
healed condylar neck fracture. Severe pain, muscle wasting, and avascular necrosis of left mandibular condyle was noted 18 months after MR imaging. 
Patient has refused follow-up MR study because of claustrophobia. Avascular necrosis was diagnosed with radiography and tomography. 


tating diseases, and with advanced age [19]. Muscle fibrosis 
and contracture may follow prolonged immobilization and 
disuse. Denervation atrophy may occur with either structural 
lesions (masses) affecting the brain, trigeminal ganglion (Fig. 
14) and/or peripheral trigeminal nerve branches, in general- 
ized inflammatory diseases (Fig. 13), and in cases of biochem- 
ical denervation, such as myesthenia gravis (Fig. 12) [1, 20]. 
Simultanecus fatty replacement and muscle edema may be 


observed with multiecho, long TR/short and long TE images 
during the active phase of muscle resorption following dener- 
vation (Fig. 14). 

Traumatic injuries to the brain, face, mandible, and TMJ 
may all affect either the trigeminal neuraxis or the muscles of 
mastication [8, 10, 14, 15]. Muscle tears, alterations in muscle 
length, contusions, and tendon ruptures are all demonstrable 
posttraumatic sequelae. The radiologic diagnosis of both 
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Fig. 12.—A and B, Muscle atrophy caused by myesthenia gravis in 49-year-old woman with 
masticatory muscle weakness and wasting scanned for suspected brainstem disease. Axial (A), 
2000/20, and coronal (B), 800/20, MR images reveal severe atrophy affecting the temporalis (large 
straight arrows) and masseters (curved arrows). Lateral pterygoids (small arrows) are moderately 
atrophic. Myesthenia gravis was diagnosed after muscle atrophy was noted and brainstem disease 
ruled out. 
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Fig. 13.—-Temporalis atrophy and fatty replace- 
ment associated with long-standing rheumatoid 
arthritis and painful, degenerated TMJ. Sagittal, 
closed-mouth MR image, 600/20, reveals in- 
creased fat within temporalis (T) muscle. Note 
absence of meniscus from fluid-filled joint com- 
partment (arrow) and flattening of mandibular con- 
dyle. Meniscus (not seen) was dislocated antero- 
medially cn more medial images. 


Fig. 14.--Subacute denervation atrophy caused 
by surgically confirmed schwannoma of the tri- 
geminal ganglion in 31-year-old man with progres- 
sive, unilateral jaw weakness and externally visi- 
bie muscle wasting of 3-5 months duration. 

A and 8, Axial MR images, 2000/20 (A) and 
2000/80 (8), reveal mass (curved arrows) within 
Meckel’s cave. Muscle atrophy and increased sig- 
nal (open arrows) are thought to reflect fatty re- 
placement and cellular—extracellular inflammation 
and edema. 

C and D, Masseter (smali straight arrows), tem- 
poralis (cpen arrows), and lateral pterygoid 
(curved arrows) exhibit fatty replacement and in- 
creased fluid caused by proximal denervation. 
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Fig. 15.~—-Atrophy and fatty replacement of su- 
perior belly of right lateral pterygoid in 24-year-old 
man with chronic TMJ pain and dysfunction. Su- 
perior belly of right lateral pterygoid (large straight 
arrows) is atrophic. TMJ meniscus (small straight 
arrow) is anteriorly displaced.-Glenoid fossa artic- 
ular surface (carved arrow) is nearly vertical. Me- 
chanical joint symptoms and pain resolved com- 
pletely after meniscectomy. 


Fig. 17.—-Atraphy, fibrosis, and contracture of 
superior belly of right lateral aterygoid associ- 
ated with chronic displacement of TMJ menis- 
cus. Sagittal, closed-mouth TMJ MR image, 600/ 
20, reveals atrophy and fibrosis of superior belly 
of right lateral oterygoid (straight arrow) with 
anterior displacement, thickening, and deformity 
of TMJ meniscus (curved arrow). Adjacent me- 
dial pterygoid (mp) muscle is rormal. 
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Fig. 16.—A and B, Developmental muscular hypoplasia versus acquired atrophy and fibrosis of 
superior belly of right lateral pterygoid associated with unusually deep glenoid fossa configuration 
in 24-year-old woman with TMJ clicking, facial pain, and episodic joint locking. Closed- (A) and open- 
mouth (B) sagittal TMJ MR images, 600/20, reveal a deep glenoid fossa and steep articular eminence 
(straight arrows). Superior belly of right lateral pterygoid (curved arrows) is smail and either severely 


underdeveloped or atrophic. 


Fig. 18.—Atrophy, fibrosis, and contracture of 
superior belly of right lateral pterygoid (straight 
arrow) after 4 years of TMJ therapy with pro- 
gressive, anterior-repositioning intraoral splints 
in 39-year-old woman with long history of TMJ 
pain and worsening malocclusion during treat- 
ment. No pretreatment imaging. Sagittal, closed- 
mouth MR image, 600/20, without splint shows 
widened space (curved arrow) behind condyle 
(C). Note normal meniscus and anterior position 
of condyle due to iatrogenic occiusal changes 
(compare with Figs. 2, 3, and 17). 





Fig. 19.--Normal pterygoid muscles with ante- 
rior displacement of TMJ meniscus. Ciosed-mouth 
sagittal MR image through medial pole of mandib- 
ular condyle (c) reveais anteromedial displace- 
ment of meniscus (white arrow) with normal pter- 
ygoid muscles. Open arrow = superior belly of 
right lateral pterygoid, ib = normal inferior belly of 
lateral pterygoid, curved arrow = normal medial 
pterygoid. 


acute and chronic traumatic muscle alterations is important, 
since changes in muscle function often occur after muscle 
tear, shortening, and/or mupture (Figs. 7-9). Muscle injuries 
and alterations in muscle length that result from fracture 
dislocations of the mandible may result in significant disability 
(Figs. 8-11). Localized edema and fascial-space inflammation 


may accompany contusions, direct muscle injuries, and TMJ 
inflammation (Fig. 20). We have observed muscle tears after 
pharyngeal surgery and posterior dental extractions due to 
overdistraction and/or excessive lateral mobilization of the 
jaw under general anesthesia (Fig. 9). RSD of the masticator 
muscles is a poorly understood posttraumatic sequela of 
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craniomandibular injury that results in pain, muscle wasting, 
skeletal demineralization, and disability as it does in the 
appendicular skeleton (Figs. 10 and 11) [21-24]. 

It is theorized that RSD results from excessive sympathetic 
stimulation and/or parasympathetic nonfunction causing 
vasoconstriction and ischemia in the affected anatomic region, 
leading to pain and dystrophic changes such as muscle 
atrophy and skeletal demineralization. RSD often follows 
either peripheral nerve or nerve plexus injury in the extremi- 
ties, where it is observed by neurologists, orthopedists, and 
rehabilitation specialists. The exact frequency of RSD is not 
known. 

Anomalous development, atrophy, fibrosis, and muscle 
contracture are all observed in conjunction with internal de- 
rangements of the TMJ (Figs. 15-18) (4-8, 11, 18, 25]. 
Hypoplasia versus acquired atrophy of the SBLP muscle is a 
commonly observed but poorly understood finding associated 
with unusually deep glenoid fossa configurations, with or 
without accompanying internal derangement and/or displace- 
ment of the TMJ meniscus (Figs. 15 and 16). Atrophy, fibrosis, 
and contracture of the SBLP are found in selected cases of 
meniscus derangement and anterior displacement, although 
this finding is not constant and merits further investigation 
(Figs. 17-19) [7, 8, 11, 25]. We have noted SBLP fibrosis and 
contracture associated with the prolonged use of anterior- 
repositioning intraoral splints used for treatment of TMJ af- 
flictions (Fig. 18). Fascial-space edema surrounding the pter- 
ygoid musculature is observed with inflammatory TMJ ar- 
thropathy, as intraarticular fluid from the superior joint com- 
partment drains anteromedially toward the pterygopalatine 
fossa, within and around distended lymphatics, above and 
between the lateral pterygoids (Fig. 20). This drainage path- 
way for upper-joint-compartment fluid (or contrast material) 
has been observed commonly during two-compartment TMJ 
arthrography with inadvertent rupture of the superior com- 
partment capsule [11]. Atrophy, contracture, and disability of 
masticatory muscles may occur as sequelae of chronic TMJ 
and/or facial pain, without history of trauma, suggesting the 
existence of pain-induced reflex sympathetic dystrophy [22, 
24]. 

In conclusion, structural and physiologic lesions involving 
the muscles of mastication may be observed with MR imaging 
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Fig. 20.—Fascial-space edema caused by non- 
infectious, inflammatory TMJ arthropathy in adult 
woman with recent onset of facial/TMJ pain, otal- 
gia, and ipsilateral open bite. Closed-mouth, ad- 
jacent, sagittal MR images, 2500/ 100, through cen- 
ter of condyle (A) and medial pole of condyle (B). 

A, Large, signal-intense, upper-compartment 
effusion (arrow) is present. C = mandibular con- 
dyle. 

B, Fluid is seen above (solid arrow) and below 
(open arrow) superior belly of right lateral ptery- 
goid. C = medial pole of condyle. 


in association with a variety of head and neck disorders. 
Masticatory muscle abnormalities are most often observed 
with trauma and less often with anomalous development and 
internal derangements of the TMJ. The recognition of muscle 
alterations may lead to a correct diagnosis and improved 
understanding of the clinical symptomatology and disease 
pathophysiology under investigation. 


ACKNOWLEDGMENTS 


Thanks to Mark R. Omlie, C. Randall Nelms, Elizabeth A. Reid, 
James C. Block, Robert J. Keck, John J. Norton, and Eric L. Schiffman 
for individual case contributions. Special thanks to Clyde H. Wilkes 
for over half of the 46 cases in the series and to Mark A. Piper for 
his consultation. The contributions of Kenneth B. Heithoff, Hollis M. 
Fritts, Becky Borgerson, and the technical staff at the Center for 
Diagnostic Imaging are sincerely appreciated. 


REFERENCES 


1. Harnsberger HR, Dillon WP. Major motor atrophic patterns in the face and 
neck: CT evaluation. Radiology 1985;155:665-670 

2. Daniels DL, Pech P, Pojunas KW, Kilgore DP, Williams AL, Haughton VM. 
Trigeminal nerve: anatomic correlation with MR imaging. Radiology 1986; 
159:577-583 

3. Seltzer SE, Wang AM. Modern imaging of the masseter muscle: normal 
anatomy and pathosis on CT and MRI. Oral Surg Oral Med Oral Pathol 
1987;63:622-629 

4. Harms SE, Wilk RM, Wolford LM, et al. The temporomandibular joint: 
magnetic resonance imaging using surface coils. Radiology 1985;157: 
133-136 

5. Katzberg RW, Bessette RW, Talents RH, et al. Normal and abnormal 
temporomandibular joint: MR imaging with surface coil. Radiology 1986; 
158:183-189 

6. Schellhas KP, Wilkes CH, Heithoff KB, Omlie MR, Block JC. Temporoman- 
dibular joint: diagnosis of internal derangements using magnetic resonance 
imaging. Minn Med 1986;69:516-519 

7. Harms SE, Wilk RM. Magnetic resonance imaging of the temporomandib- 
ular joint. RadioGraphics 1987;7 :521-542 

8. Schelihas KP, Wilkes CH, Fritts HM, Omlie MR, Heithoff KB, Jahn JA. 
Temporomandibular joint: MR imaging of internal derangements and post- 
operative changes. AJNR 1987;8: 1093-1101, AJR 1988;150:381-389 

9. Burnett KR, Davis CL, Read J. Dynamic display of the temporomandibular 
joint meniscus using “fast scan” MR imaging. AJR 1987;149:959-962 

10. Schellhas KP, Ef Deeb M, Wilkes CH, et al. Three dimensional computed 
tomography in maxillofacial surgical planning. Arch Otolaryngol Head Neck 
Surg 1988;114:438-442 
11. Schellhas KP, Wilkes CH, Omlie MR, et al. The diagnosis of temporoman- 

dibular joint disease: two-compartment arthrography and MR. AJNA 


AJP:153, October 1989 


12. 


13. 


14. 


15. 


16, 


17. 


18. 


1988;9:573-588, AJR 1988;151:341-350 

Schellhas KP, Fritts HM, Heithoff KB, Jahn JA, Wilkes CH, Omiie MR. 
Temporomandibular joint: MR fast scanning. J Craniomand Pract 1988; 
6:209-216 

Schelihas KP, El Deeb M, Wilkes CH, et al. Permanent proplast temporo- 
mandibular joint implants: MR imaging of destructive complications. AJR 
1988;151:731-735 

Schelthas KP, Wilkes CH: Fritts HM, Lagrotteria LB, Omlie MR. MR of 
osteochondritis dissecans and avascular necrosis of the mandibular con- 
dyle. AJNR 1989;10:3-12. AJR 1989;152:551-550 

Schelihas KP, Wilkes CH. Temporomandibular joint inflammation: compar- 
ison-of MR fast scanning:with T1- and T2-weighted imaging techniques. 
AJNR 1989;10:589-594, AJR 1989:153:(in press) 

Gorlin AJ, Pindborg JJ, Cehen MM. Syndromes of the head and neck, 2nd 
ed. New York: McGraw-Hill, 1976:341-343 

Martinelli F, Fabbri R, Gatellini AS, Mazzini G, Rasi F. Familial hypertrophy 
of masticatory muscles. ANeurol 1987;164:811-816 

isberg A, isacsson G, Nan K-S. Mandibular coronoid process locking: a 
prospective study of frequency and association with internal derangement 
of the temporomandibular joint. Oral Surg Oral Med Oral Pathol 1987: 


MR OF MUSCLES OF 


19. 


20. 


214. 


22. 


23. 
24. 


25. 


MASTICATION 855 


63:275-279 

Ramon Y, Samra H, Oberman M. Mandibular condytosis and apertognathia 
as presenting symptoms in progressive systemic sclerosis (scleroderma). 
Pattern of mandibular bony lesions and atrophy of masticatory muscles in 
PSS, presumably caused by affected muscular arteries. Oral Surg Oral 
Med Ora! Pathol 1987:63: 269-274 

Rigamonti D, Spetzler RF, Shetter A, Drayer BP. Magnetic resonance 
imaging and trigeminal schwannoma. Surg Neurol 1987;28:67-70 
Markoff M, Farole A. Reflex sympathetic dystrophy syndrome. Case report 
with a review of the literature. Oral Surg Oral Med Oral Pathol 1986;61: 
23-28 

Jaeger B, Singer E, Kroening R. Reflex sympathetic dystrophy of the face. 
Report of two cases and a review of the literature. Arch Neurol 1986; 
43:693-695 

Schwartzman RJ, McLellan TL. Reflex sympathetic dystroahy: a review. 
Arch Neurol 1987;44:555-561 

Talacko AA, Reade PC. Hemifacial atrophy and temporomandibular pain- 
dysfunction syndrome. Int J Oral Maxillofac Surg 1988,17:224-226 
Wilkes CH. Internal derangement of the temporomandibular joint: patho- 
logic variations. Arch Otolaryngol Head Neck Surg 1989;115:469~477 








Scientific Program (200 papers) 


Instructional Courses (60 hours) 


Come to the 
American Roentgen Ray Society 


90 





Categorical Course on 
Cardiowascular Imaging 
The Caldwell Lecture 
Award Papers 

Scientific Exhibits 
social, Golf, and Tennis Programs 
Guest Programs 





ANNUAL MEETING 





ENTEN DCG: 





Sheraton Washington Hotel 


May 13-18, 1990 





856 


Satya Pal Aggarwal, 1925-1989 





Dr. Satya Pal Aggarwal died in Delhi on 
January 19, 1989, after a 13-month heroic 
struggle against cancer. During his illness, he 
never lost hope, and he fought courageously 
and with remarkable patience. 

After graduation from Glancy Medical Col- 
lege, Amritsar, he followed in the footsteps 
of his illustrious father, Diwan Chand Aggar- 
wal, who, even in his own lifetime, was a 
legend in radiology. After the partition of the 
country, the Aggarwals moved from Lahore 
in West Pakistan to Dethi, and young Satya 


Pal and his father soon established one of 
the most modern and well-equipped radiol- 
ogy clinics at Delhi. During this time, Satya 
Pal went to Vienna to work with the famous 
radiologist, Professor Zsvonsky, and ob- 
tained his postgraduate qualification. His tire- 
less efforts ultimately created the largest and 
most modern radiology and imaging clinic in 
India, the Dr. Diwan Chand Aggarwal X-Ray 
Clinic at Delhi. Despite the large number of 
patients and the high costs of sophisticated 
machinery, Satya Pal Aggarwal ensured that 
the clinic would provide every diagnostic pro- 
cedure to patients at an affordable cost. He 
was an ardent follower of Bhagvad Gita and 
lived the life of a “Karma Yogi.” 

Dr. Aggarwal served the Indian Radiologi- 
cal & Imaging Association (IRIA) in various 
capacities: first as secretary and then twice 
as president of the Delhi Branch of IRIA. 
Later, he was the general secretary of IRIA 
for several years and then was elected pres- 
ident. He was also deeply invoived with the 
indian Medical Association. He was the ar- 
chitect of its new wing, the Indian Academy 
of Medical Specialties, and was its general 
secretary. He was an astute organizer and 
had successfully organized several national 
conferences at Delhi with distinction. 

In 1977, he was nominated as a director 
of the Hindustan Photo Films Mfg. Co. Ltd., 
a Government of India Undertaking, and 
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served this organization fruitfully with his vast 
knowledge of all spheres of radiology: aca- 
demics, organization, and equipment. 

He distinguished himself in the academic 
field, too, and was always ahead of his col- 
leagues in the teaching institutions. In rec- 
ognition, he was elected unopposed for the 
coveted “Sir Jagadish Chandra Bose Me- 
morial Oration” for his outstanding contribu- 
tion to radiology and imaging. 

He was deeply involved with patient care 
and was dedicated to his patients. He had 
endeared himself to them so much that they 
approached him like a friend and went home 
with a smile on their lips. 

Dr. Satya Pal Aggarwal was a simple man 
at heart. His deep insight into human nature 
stood him in good stead in making friends all 
over the world. He was soft-spoken, kind- 
hearted, and selfless. His sincerity won him 
many admirers. He was never in the habit of 
mincing words and spoke his mind clearly 
about the affairs of the IRIA, but his words 
never hurt anyone. With his death, we have 
lost a towering personality—a man with pi- 
oneering zeal, endless energy, and unaf- 
fected warmth of heart. He leaves behind his 
devoted wife, Raj, four brothers and four 
sisters, and countless friends and admirers. 


S. K. Dhawan 
New Delhi-110001, india 
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MR Imaging of Neurocysticercosis 
































Twenty-six patients with neurocysticercosis were studied with MR imaging to correlate 
their clinical presentation with the location and appearance of their neurocysticercosis 
lesions. Intraventricular cysts were present in 14 patients (54%), parenchymal cysts 
were present in 18 (69%), and intraventricular together with parenchymal cysts were 
present in six (23%). Intraventricular cysts were detected by mass effect, ventricular 
obstruction, detection of a cyst rim, and/or CSF flow void adjacent to the cyst. The 
intensity of most intraventricular and parenchymal cysts presumed to be viable was 
similar to that of CSF on both T1- and T2-weighted sequences. Cysts presumed to be 
degenerated had increased signal intensity on T1-weighted images, probably resulting 
from increased protein content. Pericystic high signal intensity surrounding lesions of 
various ages was seen on both proton-density- and T2-weighted images and represents 
gliosis, edema, and inflammation. Patients with parenchymal cysts had symptoms of 
seizures, while those with intraventricular cysts generally had symptoms related to 
obstructive hydrocephalus. Aqueductal stenosis, seen in 10 patients (38%), was possibly 
due to ependymal inflammation or adhesions caused by prior ventricular infection by 
neurocysticercosis. One patient with the racemose form of neurocysticercosis demon- 
strated abundant cyst wall proliferation resulting in obstructive hydrocephalus. In six 
patients scanned 1-6 months after oral praziquantel therapy, there was no change in 
the MR appearance of intraventricular cysts, while some parenchymal cysts showed 
evidence of degeneration. 

We found MR to be useful in detecting the cysts of neurocysticercosis and the 
accompanying signs of cyst degeneration and pericystic inflammation. MR was inferior 
to CT in the detection of parenchymal calcifications. 


Neurocysticercosis is an infection of the CNS by the larval stage of the pork 
tapeworm Taenia solium. The disease is prevalent in developing nations, particularly 
in regions of poor sanitation and hygiene. It is the most common cause of seizures 
in young adults in endemic areas [1]. With immigration of individuals from endemic 
areas, cysticercosis is becoming increasingly prevalent in the United States [1]. 

The diagnosis of neurocysticercosis often depends on a combination of clinical 
symptoms, CSF analysis, and radiologic findings [2]. CSF antibody or antigen titers 
are useful, but the findings can be nonspecific [2-4]. Radiologic findings are the 
most sensitive [2]. CT is beneficial in identifying parenchymal calcifications associ- 
ated with neurocysticercosis; however, intraventricular cysts often are difficult to 
identify with CT owing to the similarity of densities between cyst fluid and CSF. 
MR imaging, with its multiplanar imaging capabilities, excellent depiction of tissue 
contrast, and sensitivity to flow effects, is a powerful technique for the evaluation 
of neurocysticercosis, particularly in the presence of intraventricular cysts. The 
present study analyzes the location and MR appearance of neurocysticercosis 
lesions in 26 patients and correlates these findings with clinical presentation. 
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TABLE 1: Summary of Findings in Patients with Neurocysticercosis 
AAA SE TPA AAA SINS NRE ALES AEE EEA EL NE STAINS TERT PAI AE EE EOE TRIE DEDEDE EEEE GPC NOE STE IEE H SARE NR 


Variable 





Cyst characteristics 


Total no. 12 


Locations of intraventricular 


Third ventricle - 
Fourth ventricle - 
Lateral ventricle - 
Subarachnoid cistern ~ 


MR intensities 
isointense relative to CSF 


Hyperintense relative to CSF 10 





Patient characteristics 


Total no. 12 


Presenting symptoms 


Seizures 10 


Nausea/vomiting and/or headache 
Patients with aqueductal stenosis 
Means of diagnosis 

CSF analysis 


Type of Cyst 

mal Intraventricajar Mixed Parenchymal) 
Parenchymal Intraventricular intraventricular Total 

9 26 47 

3 3 6 

2 2 4 

3 1 4 

1 4 5 

7 14/10° 33 

2 2/0° 14 

8 6 26 

0 3 13 

8 3 13 

6 3 10 

6 4 18 

2 2 8 


Surgery 





® Parenchymal/intraventricular. 





Materials and Methods 


Between May 1983 and July 1988, 26 patients, 18 males and eight 
females 7-69 years old, with a diagnosis of neurocysticercosis under- 
went cranial MR imaging. The clinical records of these patients were 
reviewed retrospectively to determine the presenting symptoms; that 
is, seizures vs signs of hydrocephalus (e.g., headache, ataxia, and 
nausea and vomiting). Diagnoses of neurocysticercosis were corrob- 
orated by findings at surgery and/or CSF analysis. All MR studies 
were performed on a 0.35-T,* 0.5-T* or 1.5-T* superconducting MR 
unit. All patients were initially scanned in the axial plane with dual- 
echo spin-echo (SE) technique, 2000-3000/30-100/2-4 (TR range/ 
TE range/excitations). Sagittal and coronal SE images (1000/30-80/ 


* Diasonics, Milpitas, CA. 
t Siemens, Erlangen, W. Germany. 
* General Electric, Milwaukee, WI. 


Fig. 1.—Axial MR image (SE 2000/60) through 
lateral ventricles. Cysticercosis cyst in anterior 
horn of left lateral ventricle displays rim of hy- 
perintensity (open arrow) caused by ependymal 
inflammation. Scolex (solid arrow) is well de- 
fined as focus of hyperintensity within cyst. 


Fig. 2.--Axial section (SE 2000/60) through 
level of third ventricle. A 1-cm cyst within third 
ventricle (arrow) displays prominent hyperin- 
tensity suggestive of cyst degeneration. Scolex 
cannot be identified. 


2) were obtained in most cases to further characterize lesions ob- 
served during the initial axial sequences. Slice thicknesses of either 
5 or 10 mm were used. The matrix size was either 128 x 256 or 256 
x 256. Each MR study was evaluated for the site(s), number, and 
signal pattern of intracranial cysts. Cysts within the subarachnoid 
cisterns were included within the intraventricular group. The cyst rim 
was assessed for thickness, the presence and extent of pericystic 
high signal intensity, and alterations in ependymal signal intensity. 

The ventricular system was evaluated for evidence of obstruction 
manifested by general ventricular dilatation (out of proportion with 
sulcal enlargement), third ventricular enlargement, temporal horn 
enlargement, and periventricular high signal (on T2-weighted images) 
suggestive of transependymal CSF flow. Aqueductal stenosis, as 
evidenced by a diminutive area of aqueductal low signal, was evalu- 
ated on both sagittal and axial MR images. 

MR results were correlated with brain CT scans and pathologic 
findings when available. Correlation was made between the clinical 
presentation of the patients and the MR pattern of neurocysticercosis. 


> 
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Six patients received cral praziquantel therapy at a dosage of 60 
mg/kg/day for up to 2 weeks and underwent a repeat MR examina- 
tion 6 weeks to 6 months after the completion of therapy. MR 
examinations were evaluated for changes in the number and appear- 
ance of cysts. 


Results 


The MR findings of the 26 patients are summarized in 
Table 1. 


Intraventricular Cysts 


Fourteen (54%) of the 26 patients in our series had intra- 
ventricular cysts. In eight (31%) of the 26 patients, intraven- 
tricular cysts were present without parenchymal cysts. In 
each of these eight (and in a total of 11 of the 14 patients 
with intraventricular cysts), there was a clinical history of 
nausea and vomiting er headaches or both. The symptoms 
were believed to be related to elevated intracranial pressure 
caused by the cysts. Eight patients required the placement 
of a ventriculoperitoneal shunt for varying degrees of hydro- 
cephalus. Two patients each had cysts in the fourth, third, 
and lateral ventricles, while one patient had a cyst in both the 
third and lateral ventricles. The intraventricular cysts were 
typically 1-2 cm in diameter. Eleven (79%) of the 14 patients 
had evidence of a pericystic ependymal inflammatory reaction, 


Fig. 3.—Sagittal sections (SE 1000/ 
40) in patient with large fourth ventric- 
ular cyst. 

A, Scolex (straight solid arrow) is 
well demonstrated. Dilated cerebral aq- 
ueduct, with central flow void (curved 
arrow), probably is due to to-and-fro 
CSF flow caused by obstructive effects 
of subjacert fourth ventricular cyst 
{open arrow}. 

B, Section 5.5 mm laterai to A shows 
superiorly located 1-cm parenchymal 
cyst with central scolex (arrow). Signal 
intensity of cyst fluid is similar to that 
of CSF on this sagittal image. No peri- 
cystic edema is present, suggesting 
cyst viability. 


Fig. 4.—Patient with recent onset of 
seizures. 

A and B, Axial MR images, SE 2000/ 
30 (left) anc SE 2000/60 (right), show 
right parietai cystic lesion with pericys- 
tic rim of hyperintensity (arrows) 
suggestive of inflammatery reaction 
with gliosis and/or edema.Cyst fluid is 
isointense relative to CSF. 

B, Magnified view of first-echo im- 
age. What appears to be scolex can be 
faintly visualized along medial cystic 
wall (arrow). 
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as manifested by a hyperintense rim best seen on T2- 
weighted images (Fig. 1). The cysts generally had a signal 
intensity similar to that of CSF on T2-weighted images. Mass 
effect, visualization of the cyst rim, and CSF flow void adja- 
cent to these cysts aided in their identification. Two of the 
intraventricular cysts had fluid that on T2-weighted images 
was hyperintense relative to CSF (Fig. 2). 

Six (23%) of the 26 patients had both intraventricular and 
parenchymal cysts. Three of these six patients presented 
with nausea, vomiting, and headaches. Four of these six 
patients had multiple parenchymal cysts; one patient had a 
total of five. One patient had an unusually large fourth ven- 
tricular cyst and three identifiable parenchymal cysts (Fig. 3). 
Although three of the six patients presented with seizures, 
cyst degeneration was thought to be present in only two of 
the three. Prominent pericystic ependymal reaction was seen 
in two of the three seizure patients. 


Parenchymal Cysts 


Eighteen (69%) of 26 patients presented with parenchymal 
cysts that involved the gray/white-matter junction in all but 
one case. Twelve (46%) of the 26 patients had MR evidence 
of parenchymal cysts only. Ten patients (83%) in this 
subgroup of 12 patients had a history of recent seizures. All 
of these 10 patients had MR findings of pericystic high signal 
intensity suggesting gliosis and/or edema (Fig. 4). In one 
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case, the extensive pericystic inflammatory reaction simulated 
a glioma (Fig. 5). Pathologic examination of the surgical 
specimen from this lesion and another cyst with extensive 
pericystic high-signal change revealed surrounding gliosis 
(Fig. 6). One (8%) of these 12 patients with parenchymal cysts 
presented with only headaches, and another (8%) had unre- 
lated clinical findings in which the neurocysticercosis cyst was 
found incidentally. One patient in this group who presented 
with headaches and ataxia was found to have an unusually 
large 4-cm cyst in the cerebellum that was surgically resected 
(Fig. 6). Typically, the cysts in these 12 patients were 1-2 cm 
in diameter. A central or eccentric high-signal focus, sugges- 
tive of a scolex, could be identified in only six cysts. Pathologic 
correlation was available in two patients with this appearance. 
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In both cases, a scolex was identified (Fig. 7). In one of these 
cases, the organism appeared viable. However, there was a 
significant amount of pericystic high signal indicating an in- 
flammatory reaction (Fig. 7). 


Aqueductal Stenosis 


In 10 (38%) of 26 patients (nine of 14 patients with intra- 
ventricular cysts and one of 12 patients with parenchymal 
cysts only) cerebral aqueductal stenosis was identified that 
was best appreciated on sagittal images (Fig. 8) as an ab- 
sence of the normal aqueductal CSF flow void on midline 
Slices. This finding may be associated with ependymal inflam- 
mation (granular ependymitis with subependymal gliosis) or 


Fig. 5.—CT and MR findings in pa- 
tient with seizures. 

A, Nonenhanced brain CT scan 
shows left posterior temporal mass (ar- 
row) with surrounding area of low at- 
tenuation (arrowheads) consistent with 
parenchymal edema. 

B, Contrast-enhanced CT scan 
shows enhancement within mass (ar- 
row). 

C, First-echo image of axial MR brain 
study (SE 2450/30) shows large area 
of increased signal intensity surround- 
ing this same lesion representing 
edema. 

D, Edematous changes appear more 
intense on second-echo image (SE 
2450/100). Preoperative diagnosis was 
glioma. However, at surgery, a degen- 
erated cysticercosis cyst was found 
with extensive edema and gliosis sur- 
rounding the lesion. 
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Fig. 6.—A, Axial section (SE 2000/40) shows atypically large 4-cm cerebellar parenchymal 
cyst. Mote pericystic rim of hyperintensity (arrow), indicating inflammatory reaction. Cyst was 


removed at surgery. 


B, istopathologic specimen from excised tissue shows cyst cavity (CC), host-derived cyst 
wall and adjacent inflammation (solid arrows), perivascular inflammation (open arrows), as well 
as inffammatory reactionewith gliosis and edema in surrounding cerebellar tissue (asterisks). 


(H ane E, x68) 


C, äonviable larva found in same surgical specimen. Note poorly defined internal chitinous 
wall within parasite (solidsarrows). Also seen are adjacent inflammatory infiltrate (open arrows) 


and cerebellar gliosis anc edema (asterisks). (H and E, x 134) 


B 


adhesions due to prier ventricular infestation. Seven of the 
10 aqueductal stenosis patients were judged to have some 
degre2 of hydrocephalus. 

One of these 10 patients presented with abundant cyst wall 
proliferation within the quadrigeminal plate cistern, associated 
with the racemose form of neurocysticercosis, which resulted 
in obstructive hydrocephalus and required shunting. The pro- 
liferatwe changes in the cyst wall were well demonstrated on 
both 72-weighted axial and coronal images (Fig. 9). The cyst 
fluid iatensity was similar to that of CSF on both T1- and T2- 
weighted images. This patient also had a history of presumed 
bacterial meningitis trat was unresponsive to therapy. 


CT Cerrelation 


CT brain scans were obtained (at comparable times) in 10 
(38%) of the 26 patients. Seven (70%) of the 10 CT exami- 
nations demonstratec parenchymal calcifications (Fig. 10A). 
MR was less sensitive than CT in demonstrating the size and 
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number of calcifications. In only three (43%) of these seven 
MR studies was there evidence of calcifications (small signal- 
void areas) (Fig. 10B). In seven (70%) of 10, CT demonstrated 
ventriculomegaly consistent with hydrocephalus; however, 
CT could not define the cause of hydrocephalus. MR was 
able to identify the cause of hydrocephalus in six of these 
seven patients (usually an intraventricular cyst) (Fig. 11). MR 
was more sensitive than CT in showing the extent of pericystic 
gliotic/edematous changes (Fig. 7). 


Changes After Praziquantel Therapy 


Among the seven parenchymal cysts in six patients, there 
was evidence of degeneration, manifested by increased signal 
on T1-weighted images, in only three cysts (in two patients) 
after praziquantel therapy (Fig. 12). One of the seven paren- 
chymal cysts regressed and was no longer visible after ther- 
apy. All six patients had intraventricular cysts also. In one of 
these patients, an intraventricular cyst was removed sur- 
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Fig. 7.—A, Nonenhanced axial CT 
image shows left frontal cysticercosis 
lesion in patient with seizures. Central 
calcification (solid arrow) is present 
within cyst, and there is a small adja- 
cent area of decreased attenuation 
consistent with parenchymal edema 
(open arrow). 

B, After administration of IV contrast 
material, CT shows only small region of 
pericystic enhancement (arrow). 

C and D, Proton-density-weighted, 
SE 2500/30 (C), and T2-weighted, SE 
2500/80 (D), axial MR images show 
left frontal pericystic inflammatory 
reaction—high-signal-intensity area 
(open arrows)—with better definition 
than on CT. These changes were more 
pronounced on second-echo image 
(D). Cyst, with fluid isointense relative 
to CSF (solid arrow), and central scolex 
(arrowhead) are better seen on first- 
echo image (C). Calcification was not 
visible on MR images. Lesion was sur- 
gically removed. 

E, Histopathologic specimen from 
excised tissue shows invaginated 
scolex with well-defined, highly con- 
voluted, and internalized cell mem- 
brane (chitinous wall) (solid arrows). 
This extends to muscular suckers at 
right of photograph (open arrow). (H 
and E, x 180) 

F, Magnified view of E depicts three 
muscular suckers (arrows). (H and E, 
x500) 
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gically. No signal or morphologic changes were noted in 
intraventricular cysts ater praziquantel! therapy. 


Discussion 


When the embryoneted ova of T. solium are ingested, 
uSually.as a result of fecal contamination of food or water or 
autoinfecticn in tapewerm carriers, gastric acid releases the 
hexacanth larvae from their encasement, thus creating the 
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intermediate host state. Once the hexacanth larvae penetrate 
the intestinal mucosa, they are transported via the lymphatics 
or venules to the systemic circulation. The blocd-borne or- 
ganisms have a predilection for localization in skin and muscle, 
where they are asymptomatic, and in the CNS (particularly 
the cerebral gray matter, periventricular tissues, and lepto- 
meninges}, where they may present with a variety of clinical 
manifestations. The hexacanth larval cells proliferate, even- 
tually producing cysts, typically 1-2 cm in diameter. A small 


invagination develops along one margin of the cyst and pro- 
liferates and differentiates to become the scolex. Cyst fluid is 
usually clear. Cloudiness of the cyst fluid usually indicates 
death of the parasite. With death of the parasite, there is 
resultant cyst degeneration and a striking host inflammatory 
cell and gliotic reaction. It is probable that during the life span 
of the cysticercus, there is active suppression of host defen- 
ses by factors secreted by the parasite; as the organism loses 
viability, host immune and inflammatory responses are 
brought into play, thereby accounting for the marked brain 
edema about degenerating cysticerci [5]. 

The diagnosis of neurocysticercosis is confirmed by clinical 
history, serology and CSF analysis, CT and MR findings, and 
occasionally, surgical findings. A history of travel to or immi- 
gration from an endemic area assists.in making the diagnosis. 
Serology and CSF analysis can be helpful in the case of 
intraventricular infestation [3, 4, 6]. The CT identification of 
multiple focal brain parenchymal calcifications [7] and the 
demonstration of the actual cyst (and the scolex within it) 
with CT and/or MR [2] are particularly valuable in arriving at 
a diagnosis. However, in some cases (Fig. 5), the CT and MR 
findings may still be inconclusive, necessitating surgical re- 
section and histopathologic diagnosis. CT and MR can also 





Fig. 8.—Midline sagittal 5-mm section (SE 1000/40) 
shows cerebral aqueduct stenosis (arrow) in patient 
with intraventricular i:festation. (Aqueductal narrowing 
was identified in nine of 14 patients with intraventricular 
cysts and may be resated to ependymal inflammatory 
resction or adhesionsafrom previous infestation.) 





A B 


Fig. 9.—A and B, Coronal, SE 1000/28 (left) and SE 1000/56 (right) (A), and axial, SE 2000/28 (jeft) and SE 2000/56 (right) (B), sections in patient with 
racemose form of cysticercosis: Multiple cysts are present in ambient cistern on coronal images (A, arrows). Cysts were observed extending from 
quadrigeminz: plate cistern into ght retropulvinar cistern (open arrows) on axial images (B). Axial images also demonstrated an additional hyperintense 
lesion within tight globus pallides (solid arrows). On both echoes, during coronal and axial imaging, cysts remained isointense relative to CSF and 
produced litti evidence of epenetymal reaction. Racemose form of neurocysticercosis is believed to be a proliferative reaction-of cyst in which no scolex 
is formed, bui cyst infiltrates subarachnoid spaces irregularly and conforms to their peculiar configurations in various locations. The patient received a 
ventriculoperitoneal shunt to relieve obstructive hydrocephaius. 
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Fig. 10.—A, Nonenhanced brain CT 
scan reveals numerous small paren- 
chymal calcifications caused by old 
cysticercosis lesions. 

B, Axial MR brain scan (SE 2000/60) 
displays calcific foci as smali signal- 
void zones (arrows). Parenchymal cal- 
cifications of neurocysticercosis are 
better detected with CT than with SE 
MR imaging. 


Fig. 11.—A, Nonenhanced brain CT 
scan shows third and lateral ventricular 
dilatation as well as periventricular low 
attenuation (solid arrows) consistent 
with hydrocephalus with transependy- 
mal CSF flow. Frontal horn dilatation is 
slightly more prominent on left side 
(open arrow). 

8, Axial first-echo MR brain scan (SE 
2000/30) after placement of bilateral 
ventriculoperitoneal shunt tubes (open 
arrows). There is left frontal horn intra- 
ventricular cysticercosis cyst (solid ar- 
rows) with well-defined cyst rim. Ven- 
triculoperitoneal shunt tubes display 
low signal intensity (open arrows). 

C, Coronal MR scan (SE 3000/40) 
further defines left frontal horn cyst 
(solid arrows), which displaces left 
shunt tube medially and inferiorly (open 
arrow). 

D, Contrast ventriculography per- 
formed during follow-up brain CT scan 
confirms presence of cyst (arrow). 
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Fig. 12.—Sagittal section (SE 1000/89) of patient in 
Fig. 3 after surgical resection of fourth ventricular cyst 
and subsequent oral praziquantel therapy. There is now 
evidence of pericystic edema, consistent with adjacent 
inftammatory reaction, surrounding superiorly located 
parenchymal cyst (arrow). 


be of assistance in the follow-up evaluation of patients. Intra- 
ventricular cysts were encountered in 14 (54%) of the 26 
patients. The cyst fluid was generally isointense relative to 
CSF; however, in two cases, slightly increased cyst fluid 
intensity (relative to CSF) was present, which may have been 
related to cyst degeneration or lack of flow effects within the 
cyst fluid or both. Mass effect, a cyst rim, adjacent CSF flow 
void, and ventricular outflow obstruction were all beneficial in 
confirming the presence of intraventricular cysts. Eleven 
(79%) of the 14 patients with intraventricular cysts showed 
evidence of pericystic ependymal reaction. This finding may 
be a sign of initial cyst degeneration or may be the result of 
cystic attachment to the ependyma, eliciting a granulomatous 
response [E]. Nine (90%) of the 10 patients with aqueductal 
stenosis had intraventricular cysts. The aqueductal stenosis 
may have been the result of prior intraventricular cyst degen- 
eration resulting in ependymal scarring and adhesions [9]. 
The direct sagittal imaging capabilities of MR were vital in 
diagnosing aqueductal stenosis. Eleven patients (79%) with 
intraventricular cysts had symptoms of frequent headaches, 
nausea, and vomiting, which may have been related to in- 
creased intracranial pressure. Intraventricular cysts may re- 
main clinically silent until they degenerate, inciting an epen- 
dymal reaction, or until they cause obstructive hydrocephalus 
[9-12]. 

One patient (Fig. 9) presented with the racemose form of 
neurocysticercosis. Racemose cysts usually lack a scolex 
and are typically found in the cisterns around the rostral 
brainstem or the sylvian fissure [1]. They may produce ob- 
structive hydrocephalus [1]. The degenerating cyst may incite 
an excessive leptomeningeal fibroblastic and inflammatory 
reaction, causing extensive cyst wall proliferation. In our 
patient, the proliferative: changes in the cyst wall were well 
demonstrated by MR. The patient also had a history of 
meningitis. The racemase form of neurocysticercosis is 
known to be associated with chronic meningitis [9]. 

Parenchymal cysts were present in 18 (69%) of the 26 
patients anc were noted to involve the gray/white-matter 
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junction almost invariably. No cases of meningeal neurocys- 
ticercosis were encountered in our series. Typically, the pa- 
renchymal cysts that were considered viable were isointense 
relative to CSF on T1- and T2-weighted images. It is known 
that with cyst degeneration, cyst fluid becomes more protein- 
aceous and gelatinous [9]. This was manifested on MR im- 
ages as increased signal intensity of the cyst fluid on T1- and 
proton-density-weighted sequences, probably due to T1- 
shortening effects of increased protein solutes and surface- 
layer effects of water molecules interacting with macromole- 
cules within the cyst fluid [13]. 

Viable parenchymal larvae survive for approximately 5 
years anc then die for unknown reasons [14]. Upon the death 
of the parasites, a more pronounced host immune response 
is initiated with inflammation and edema. This inflammatory 
reaction often causes seizures [5, 9]. Correlation with path- 
ologic specimens in two patients with marked pericystic in- 
flammatory reaction (evidenced by increased signal intensity) 
demonstrated gliosis and edema (Figs. 5 and 6). Secondary 
astrocytic gliosis of variable intensity has been described as 
the most common pathologic change in the parenchyma 
immediately surrounding the cyst [9]. Because marked peri- 
cystic high signal was seen in one patient with a histopatho- 
logically demonstrated cysticercus (Fig. 7), the presence of 
pericystic hyperintensity may not always be a reliable indicator 
of the stage of cyst degeneration. Most of the parenchymal 
cysts encountered were 1-2 cm in diameter. However, one 
patient was found to have a cerebellar cyst 4 cm in diameter 
with a rim of pericystic edema (Fig. 6). 

Although the advantages of MR in neurocysticercosis were 
obvious—that is, better tissue characterization, multiplanar 
imaging capabilities, etc. —SE MR imaging was insensitive to 
parenchymal calcifications that were well demonstrated on 
CT (Fig. 10) [7]. Gradient-echo MR imaging may display 
greater sensitivity to the presence of parenchymal calcifica- 
tions. However, when compared with CT, MR better demon- 
strated the extent of pericystic inflammation (Fig. 7). 

Praziquantel is a heterocyclic pyrazinoisoquinoline oral an- 
thelmintic agent that is most effective against the Schistosoma 
species [15]. In some cases, it has been shown to be effective 
in the treatment of cysticercosis and typically is administered 
with a total daily oral dosage of 60 mg/kg for 4 days to 2 
weeks [16-18]. Praziquantel acts by increasing the permea- 
bility of the organism’s cell membranes to calcium ions, 
causing massive muscle contraction and paralysis followed 
by disintegration. Dexamethasone is often given in combina- 
tion with praziquantel to reduce the inflammatory reaction 
(with accompanying edema) arising from larval degeneration, 
which can itself result in additional clinical symptoms, such 
as seizures or elevated intracranial pressure [12, 16]. 

One difficulty with praziquantel therapy is that patients with 
neurocysticercosis, especially those with parenchymal cysts, 
often do not present until cyst degeneration has already 
begun. The viable larvae tend not to cause appreciable symp- 
toms, thus making evaluation of drug effectiveness difficult 
[9]. 

In the present series of six patients who received prazi- 
quantel therapy, two of the patients with parenchymal cysts 
demonstrated either a reduced number of detectable cysts or 


866 


evidence of the development of pericystic edema and cyst 
degeneration on follow-up MR studies (Fig. 12). None of the 
intraventricular cysts showed appreciable changes on repeat 
MR examinations performed 6 weeks to 6 months after a full 
course of therapy. These preliminary findings suggest that 
the CSF concentration of praziquantel may not have been 
sufficiently high to effect the destruction of viable larvae, and 
that a longer period of treatment may be required for the 
eradication of intraventricular cysts. 

We conclude that MR is useful in evaluating neurocysticer- 
cosis, especially in the case of intraventricular cysts, not only 
because of MR’s ability to actually detect cysts, but also 
because of its ability to detect signs of cyst degeneration and 
pericystic inflammation. Cerebral aqueductal stenosis due to 
periaqueductal ependymal inflammation was well demon- 
Strated with MR. However, MR was insensitive to parenchy- 
mal calcifications that are typically seen well with CT. In our 
series of neurocysticercosis patients, treatment with prazi- 
quantel did not appear to appreciably affect intraventricular 
cysts. 
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CT of Nasopharyngeal Carcinoma: 
Significance of Widening of the 
Preoccipital Soft Tissue on Axial Scans 














Axial CT scans of 60 patients with biopsy-proved nasopharyngeal carcinoma were 
reviewed with particular reference to sites of origin and routes of spread of disease. In 
all patients there was involvement of the pharyngeal space with blunting of the fossa of 
Rosenmuller and usually associated thickening of the adjacent levator veli palatini 
muscle. Tumor infiltration through the pharyngobasilar fascia manifested by obliteration 
or displacement of the parapharyngeal fat space was seen in 65% of the patients. T- 
staging by CT showed T1 (28%), T2 (20%), T3 (5%), and T4 (47%) involvement. In three 
patients there was bilateral symmetric blunting of the fossa of Rosenmuller with no 
evidence of tumor infiltration into the paraphyngeal space. The scans were initially 
interpreted as normal except for widening of the preoccipital soft-tissue area in the 
midline of more than 1.5 cm and up to 2.0 cm in the anteroposterior plane. Biopsy of the 
postnasal space was positive for tumor in these patients. With symmetric, early stage 
nasopharyngeal carcinoma, a confident radiologic diagnosis on CT can be difficult. If 
there is asymmetry of pharyngeal mucosal space or evidence of deep infiltration this 
should not be a problem. 

Although lymphoid adenoid tissue can sometimes result in widening of the preoccipital 
area, it is proposed that widening of this area of greater than 1.5 cm is an additional CT 
sign of nasopharyngeal carcinoma not previously emphasized. It is the result of early 
submucosal infiltration of the disease, and a patient with clinically suspected nasopha- 
ryngeal carcinoma should have aggressive deep biopsies of the fossa of Rosenmuller. 


CT has been the most reliable and well-established imaging technique for staging 
and assessing the extent of nasopharyngeal carcinoma (NPC) [1-3], although MR 
imaging is now replacing CT as the examination of choice in the nasopharynx. NPC 
has a tendency for submucosal spread, and diagnosis of the disease is usually not 
difficult on CT scans. The typical finding is asymmetry of the fossa of Rosenmuller 
manifested as blunting or obliteration, often with associated thickening of the 
deglutitional muscle layer caused by tumor infiltration [4] (Fig. 1). As NPC charac- 
teristically results in deep infiltration, there is often obliteration or dispkacement of 
the parapharyngeal space (Fig. 2). 


Materials and Methods 


Axial CT scans of 68 patients with clinically suspected NPC were reviewed. All scans were 
obtained to aid in the diagnosis and to assess extent of disease infiltration. in 18 patients, 
scans were acquired to reassess recurrence of disease after radiotherapy. All patients 
underwent postnasal space biopsy of the fossa of Rosenmuller to confirm the presence of 
disease. in 60 patients disease was proved histologically. These patients consisted of 40 
males and 20 females, 11 to 76 years old (mean, 48 years). 

All scans were performed on a Picker 1200SX scanner. Contiguous axial scans, 5-mm 
thick, were obtained parallel to the hard palate, from a level of about 2 cm below the hard 
palate and extending cranially to the base of the skull up to the inferior orbital margin. Only 
contrast-enhanced scans were obtained, immediately after a bolus IV injectior: of contrast 
medium (50 mi Urografin 76).* Owing to demands on scanner time, scans were not routinely 





“Schering AG, West Germany. 


868 HOE 











~—t——-~Prevertebral muscles 





Occipital bone 





Fig. 3.--Diagram showing preoccipital soft tissue in midline at mid- 
nasopharyngeal level. (e = eustachian orifice, f = fossa of Rosenmuller, 
pbf = pharyngobasilar fascia, RPS = retropharyngeal space, PVS = pre- 
vertebral space, POS = preoccipital space.) 


extended down the neck, and coronal scans were obtained only 
when the findings on the axial scans were subtle. 

Axial CT scans of the 60 patients with NPC were reviewed with 
particular reference to the site of origin and regions of spread of 
tumor. In three patients, there was bilateral, fairly symmetric blunting 
of the fossa of Rosenmuller with no evidence of tumor infiltration into 
the parapharyngeal space. There was initial difficulty in diagnosing 
confidently the axial scans as abnormal. An associated widening of 
the preoccipitai soft tissue in the midline at the mid-nasopharyngeal 
level of more than 1.5 cm on axial scans was found in these patients 
(Fig. 3). Although physiologic maneuvers and coronal scanning may 
help in differentiating normal from abnormal superficial mucosal 
masses of the nasopharynx, it appears that this widening of the 
preoccipital soft tissue is a useful additional sign to aid in the CT 
diagnosis of early NPC, which has not been emphasized previously. 
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Fig. 1.—Example of early nasopharyngeal 
carcinoma. There is blunting of left fossa of 
Rosenmuller and enlargement of levator palatini 
muscle. Although there is asymmetry of super- 
ficial mucosal contours of nasopharynx, the 
changes can be quite subtle. 


Fig. 2.--Tumor has spread through pharyn- 
gobasilar fascia to involve parapharyngeal fat 
space. Note that normal fat density of this space 
is partly obliterated and that there is obvious 
asymmetry of the fossa of Rosenmuller. 


Results 


in assessing the spread of tumor, infiltration was evaluated 
in terms of involvement of spaces of the nasopharynx, which 
are spaces compartmentalized by the deep cervical fascia. In 
all 60 patients there was involvement of the pharyngeal 
mucosal space with blunting of the fossa of Rosenmuller. 
Bilateral blunting of the fossa was seen in six patients. 

Once the disease has invaded the pharyngobasilar fascia 
there is involvement of the parapharyngeal space. This was 
seen in 65% of patients in whom there was obliteration of the 
normal fat density of the space or lateral displacement. Be- 
yond this area direct spread of NPC can be anteriorly to the 
masticator space, laterally to the parotid and carotid spaces, 
posteriorly to the retropharyngeal and prevertebral spaces, 
or superiorly to the skull base. 

Superior intracranial extension was the most common re- 
gion of spread of disease and was seen in 48% of patients. 
Opacification of the sphenoid sinus, infiltration of the cavern- 
ous sinus, and bony destruction of the base were common 
findings in most patients (Fig. 4). The most common areas of 
bony destruction were the base of the sphenoid bone and the 
clivus, the foramen lacerum, with the adjacent middle cranial 
fossa, and the foramen jugulare. Posterior spread of NPC to 
the retropharyngeal space was the next most common site 
and seen in 40% of patients. More posterior spread to the 
prevertebral spaces was seen in 15%, while spread to the 
masticator space, parotid space, and inferior spread of dis- 
ease deep to the tonsillar pillars was less common. 

In three patients, bilateral, fairly symmetric blunting of the 
fossa of Rosenmuller was seen with no definite evidence of 
a soft-tissue density tumor mass either laterally or in the 
midline anterior to the prevertebral muscles. There was no 
evidence of tumor infiltration into the parapharyngeal spaces, 
which appeared to be preserved (Fig. 5). There was initial 
difficulty in diagnosing confidently the axial scans as abnor- 
mal, although in one patient there was suspicion of an en- 
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Fig. 4.—-A and B, On axial scan (A) there is 
opacification of the sphencid sinus. Destruction 
of sphenoid sinus floor by direct infiltration of 
tumor is confirmed on corcnail scan (arrow in B). 
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Fig. 5.—A-C, In the three cases shown, all biopsy-proved nasopharyngeal carcinoma, there is bilateral blunting of the fossa of Rosenmuller and no 
obvious asymmetry of mucosal airway contour. The preoccipital space is widened. In C, on the left side, there is a soft-tissue density lateral to the 
prevertebral muscles near the carotid artery. It could represent a metastatic retropharyngeal lymph node. 


larged retropharyngeal lymph node (Fig. 5C). The preoccipital 
soft-tissue width (POS) was reviewed in all patients. This was 
defined as the maximum anteroposterior width of the soft- 
tissue density in the miciine, at the mid-nasopharyngeal level, 
with the anterior border being the mucosal surface of the 
pharyngeal mucosal space and the posterior border being the 
occipital bone (Fig. 3). 

An associated widening of the preoccipital soft tissue of 
more than 1.5 cm on the axial scans was found in these three 
patients, the POS measuring 1.5 cm, 2.0 cm, and 1.8 cm, 
respectively. Postnasal space biopsy was positive for NPC in 
these three patients wno had positive biopsies bilateraily. 
Abnormality of the muccsa of the postnasal space bilaterally 
in these patients was aiso visualized by the surgeon at the 
time of biopsy. When the POS was measured in the other 57 
patients, the average wieth was 1.47 cm (range, 0.4-3.0 cm). 
Note that this widening ef the POS could not be identified on 
the lateral scout views. 

Of the 68 patients reviewed in this study, two were biopsy- 
negative for NPC, although their scans showed apparent 
blunting of the fossa bilaterally with no widening of the POS 
(Fig. 6). 


T-staging of the disease by CT was also recorded. Criteria 
used for T-staging NPC were as specified by the American 
Joint Committee for Cancer (AJCC) and also after Ho’s clas- 
sification [5, 6] (Table 1). The results of T-staging by CT are 
as shown in Table 2. 

Table 3 lists the compartments and spaces of the naso- 
pharynx. The medial compartment of the nasopharynx con- 
tains the pharyngeal mucosal space. For involvement of this 
space, asymmetry of the fossa of Rosenmuller was looked 
for, especially with associated enlargement of the levator veli 
palatini muscle. 

The lateral compartment of the nasopharynx contains the 
parapharyngeal space, the masticator space, and the parotid 
and carotid spaces. The masticator space is situated ante- 
riorly and contains the infratemporal fossa in its cephalic 
aspect. It is bounded medially and laterally by the superficial 
layer of deep cervical fascia and contains the muscles of 
mastication and body of the mandible [7]. The parotid space 
is posterolateral to the parapharyngeal space and contains 
the parotid gland. The carotid space is retrostyloid and formed 
by the carotid sheath; it contains the internal carotid artery 
and jugular vein and lymph nodes of the deep cervical chain. 
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TABLE 1: T-Staging of Nasopharyngeal Carcinoma 


American Joint Committee 


ENN ; ification 
Classification Ho's Classificatio 





within nasopharynx 
T2 Tumor involving two sites T2 
within nasopharynx 


pharynx 

Tumor extends to nasal 
fossa, oropharynx or 
adjacent muscles, or 
nerves below base of 
skull 


T3 Tumor extension beyond T3a Bone involvement below 





nasopharynx to neighbor- 
ing soft tissues (orophar- 
ynx, nasal cavity) 


base of skull (floor of 
sphenoid sinus is in- 
cluded in this category) 


T3b involvement of base of 
skull 

T3c Involvement of cranial 
nerves 

T3d Involvement of orbits, 
laryngopharynx, or in- 
fratemporal fossa 

T4 Osseous (skull base) or cra- 
nial nerve involvement 


iene emaneeeeneemenn ee 


The posterior compartment of the nasopharynx contains 
the retropharyngeal space and prevertebral space. The ret- 
ropharyngeal space is the most anterior of the fascia-enclosed 
spaces of the posterior compartment and is formed anteriorly 
by the buccopharyngeal fascia and posteriorly by the prever- 
tebral fascia. Posterior spread of disease to this space was 
identified by the presence of a soft-tissue density tumor mass 
in the midline and anterior to the prevertebral muscles. More 
posterior spread to the prevertebral space was identified by 
presence of tumor in the prevertebral muscles and in the 
midline. 


Discussion 


NPC has its highest incidence (20 to 30 per 100,000 per 
year in males) in the southern provinces of China and in 
emigrant Chinese populations in Southeast Asia, Hong Kong, 
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Fig. 6.—A and B, in these two cases there is 
bilateral blunting of the fossa of Rosenmuller. 
The preoccipital space is less thar: 1 cm. Biop- 
sies of the postnasal space were negative for 
tumor. 


TABLE 2: Results of T-Staging by CT 
LL TTT TL aS Se TES SSE Tea Noe STeTaA SSH eSNG STENOSES ENRON 
American Joint Committee i ER 
Classification Ho's Classification 





No.of y, No. of è 
Patients = Patients ° 
Fi 17 28 Ti 14 23 
T2 12 20 T2 15 25 
T3 3 5 T3a 5 8 
T4 28 47 T3b 25 42 
E ar T3c - 
Total 60 100 T3d 1 2 
Total 60 100 


TABLE 3: CT Findings of Nasopharyngeal Carcinoma Infiltration 
hone eeneeenenemeee 





No.of 4 
Patients ” 
A. Involvement of pharyngeal mucosal space 60 100 
e Blunting of fossa of Rosenmuller 60 
¢ Thickening of levator veli palatini 55 
B. Involvement of parapharyngeal space 39 65 
e Parapharyngeal space obliterated 33 
e Parapharyngeal space displaced 7 
Involvement of masticator space 9 15 
e Infiltration of infratemporal fossa 7 
e Infiltration of pterygopalatine fossa 1 
e Destruction of pterygoid plates 7 
Involvement of parotid space 1 2 
Involvement of carotid space 14 23 
e Styloid process displaced 5 
C. Involvement of retropharyngeal space 24 40 
Involvement of prevertebral space 9 15 
D. Evidence of superior intracranial spread 29 48 
e Involvement of cavernous sinus, para- 14 
sellar area 
e Destruction of base of skull 20 
E. Evidence of inferior spread 6 10 
e Disease deep to tonsillar pillars 3 
F. Anterior spread to nasal cavity (beyond 1 2 


posterior choanal orifice) 


a ereeereennneereem neem ene 
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and elsewhere. In Singapore, with its predominantly Chinese 
population, this neoplasm is commonly encountered [8]. 

CT is well established as the most reliable method of 
staging and assessing the extent of NPC, since CT allows 
more precise staging than is possible clinically [1]. It cannot 
only demonstrate tumer, which may be entirely submucosal 
in location, but also allows assessment of areas not easily 
assessible clinically, sach as the parapharyngeal and retro- 
pharyngea! areas [9]. 

The findings on CT cf NPC have been previously described 
{1, 4, 10], but these findings do not appear to be well 
documented in many large series of patients. The CT appear- 
ances of the 60 patients with NPC reviewed here confirmed 
most of the previous findings. 

NPC arises most often posterosuperiorly in the postnasal 
space in the region of the fossa of Rosenmuller. NPC may be 
entirely submucosal in:site and in its early stages when it has 
not infiltrated through the pharyngobasilar fascia. The earliest 
sign on CT is usually asymmetry of the fossa of Rosenmuller 
with blunting of the fossa. In the patients reviewed here this 
finding was present inall patients, confirming that NPC origi- 
nates.in this region of the pharyngeal mucosal space. 

NPC has a tendency for deep infiltration, and this can occur 
by direct extension of disease through the tough pharyngo- 
basilar fascia or by tumor extending through the sinus of 
Morgagni, a gap in thessuperior margin of the pharyngobasilar 
fascia. The eustachian tube passes through this defect. Once 
through this fascia with tumor in the parapharyngeal space, 
disease spread can cccur anteriorly, laterally, or superiorly. 
Superior intracranial spread of disease to the skull base and 
middie cranial fossa, which was the most common site of 
deep infiltration seen in this series of patients, can occur by 
direct extension through the skull base. Perivascular or peri- 
neural spread through the foramen lacerum and foramen 
ovale into the caverncus sinus area is, however, more com- 
monly seen. Recently. MR has allowed inference of specific 
routes through which NPC extends from the nasopharynx to 
the middie cranial fossa [11]. It was suggested that extension 
of disease to the middle cranial fossa occurred most com- 
monly along the eustachian tube, following it to the foramen 
lacerum and ovale ard then into the cavernous sinus. Less 
commonly, tumor may extend into the middle cranial fossa 
via the pterygoid canal or sphenopalatine foramen. With CT 
it is not possible to ascertain whether tumor is infiltrating 
along the eustachian tube through the sinus of Morgagni or 
directly through the pharyngobasilar fascia. Among the pa- 
tients reviewed here, in whom there was evidence of cavern- 
ous sinus and middle cranial fossa disease, associated infil- 
tration of the pterygoid plates and pterygopalatine fossa was 
an uncommon finding, and disease spread to the cavernous 
sinus was seen most commonly after there was involvement 
of the foramen lacerum and foramen ovale. 

intracranial extension of NPC is best identified by the 
presence of infiltration of the cavernous sinus and destruction 
of the bony skull base. Opacification of the sphenoid sinus or 
the presence of a fluid level is common and can occur from 
concomitant inflammatory sinusitis or from decreased mucus 
drainage from an obstructed nasopharyngeal airway, but early 
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direct superior extension of tumor should be looked for. 
Coronal scans are mandatory and can usually document bony 
destruction of the sphenoid sinus, which can indicate the 
need for a change of T-staging of the disease [6]. 

Direct anterolateral spread of tumor to the masticator space 
was present in 15% of the patients. The nasopharyngeal 
component of masticator space contains the infratemporal 
fossa and the pterygoid plates and pterygopalatine fossa. 
Infiltration of the latter has been shown to be one of the 
routes by which NPC high in the nasopharynx can infiltrate 
into the middle cranial fossa through the sphenopalatine fossa 
[11]. Direct lateral extension of disease to the parotid space 
from the parapharyngeal space is a rare finding in NPC and 
was seen in only one of the patients in this series. 

Direct invasion of NPC into the retropharynggal space is 
identified by the presence of a mass anterior tc the prever- 
tebral muscles. As the medial retropharyngeal nodes are 
medial to the carotid sheath, it was often difficult to distinguish 
lymph node involvement here from direct extension of tumor. 
The tissue planes of the retropharyngeal space are not nor- 
mally as distinct as the others so that its involvement may be 
manifested only by asymmetric thickening of tne posterior 
wall of the nasopharynx. Direct tumor invasion into the carotid 
space formed by the carotid sheath was also often difficult to 
distinguish from enlargement of the deep cervical nodes. 
Displacement of the styloid process posterolaterally may in- 
dicate direct extension of tumor from the nasopharynx, since 
enlarged nodes alone tend to displace the styloid process 
anterolaterally [7]. MR is superior to CT in the detection of 
carotid sheath adenopathy [12]. Adenopathy has homoge- 
neous low signal intensity on T1-weighted images and can 
have a high signal intensity on T2-weighted images if necrosis 
is present. 

T-staging of NPC by CT is widely recognized as being 
supericr to clinical evaluation [3]. CT has been shown to 
upstage 55% of clinical T2 NPC lesions and 36% of clinical 
T3 lesions [9]. Tumor, node, metastasis (TNM) staging of 
NPC can be by several methods: the International Union 
Against Cancer (UICC) Classification system, the American 
Joint Committee for Cancer (AJCC) system, and Ho’s classi- 
fication, although the T-staging of the UICC and AJCC is now 
the same [5]. In the Far East, where the bulk of the disease 
experience lies, Ho’s classification tends to be more popular. 
This may be because it subclassifies the tumors with bone 
destruction according to the site of involvement and hence 
influences the size of the radiation portal used for treatment 
[3]. Currently, there is no international agreement of the best 
staging system, and to allow comparison of treatment expe- 
rience between different centers it has been recommended 
that each patient have simultaneous recording of the AJCC 
and Ho's staging systems [13]. 

As already described, the earliest sign on CT of NPC is 
asymmetry of the fossa of Rosenmuller with blunting of the 
fossa. However, the fossa of Rosenmuller is of variable size, 
and asymmetry of the fossa can occur normally. Hypertro- 
phied and normal lymphoid tissue is not uncommonly seen in 
the nasopharynx and can fill the fossa, resulting in blunting of 
the fossa. If there is doubt as to whether the asymmetric 
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blunting of the fossa is benign or pathologic, certain additional 
features may help in the differentiation. Physiologic measures, 
such as opening the mouth widely, can be used to distend 
the airways, as there is often variation in the distension of the 
fossa from side to side in NPC [14]. IV contrast medium may 
also be used to help distinguish adenoid tissue from tumor 
tissue, as with adenoid tissue the capillary bed adjacent to 
the pharyngobasilar fascia may enhance after contrast in a 
gull-wing type pattern [15]. It has also been stated that the 
mass effect of the adenoids should always be limited to the 
mucosa and submucosa and that if the deep planes are intact, 
then the process is most likely a benign one and limited to 
the mucosa [15]. As NPC has a tendency for deep infiltration, 
one should look for associated submucosal tumor infiltration 
of the adjacent deglutitional muscle, usually identified as 
thickening or enlargement of the levator veli palatini muscle, 
as well as for involvement of the parapharyngeal fat space 
[10]. If there is still doubt then coronal scans should be 
obtained. 

However, the diagnosis of NPC by axial CT can be difficult 
if there is early disease that is limited to the submucosal area 
with bilateral blunting or obliteration of the fossa and no 
evidence of associated deep infiltration into the parapharyn- 
geal space. In the three patients described, the only apparent 
other abnormality was the widened preoccipital soft-tissue 
width. The soft-tissue thickness of this area has been previ- 
ously measured on axial scans, with the mean thickness at a 
scanning angle of 0° to Reid’s baseline, being 6 mm in normal 
patients and up to 12 mm, with scan angulation of 25° [16]. 
Scans angled 20° or more off Reid’s baseline do not appar- 
ently cause significant thickening of the soft-tissue space 
[14]. Our scans were done parallel to the hard palate, which 
is approximately 10° off Reid's baseline. The importance and 
significance of a widened POS width has not been empha- 
sized in most previous reports of the CT appearances of NPC, 
most likely because there is usually evidence of deep infiltra- 
tion of disease [2, 4, 10]. 

On axial CT scans of the nasopharynx, the various com- 
ponents and spaces of this POS area are often difficult to 
differentiate because there is no reliable fat plane in this 
region. Even with high-resolution scans, the prevertebral mus- 
cles are often the only structures that can be reliably identified, 
and even then these muscles may not always be easily seen. 
The increase in POS width in the three patients described is 
most likely due to the presence of tumor in the pharyngeal 
mucosal space, which originated in one fossa and extended 
submucosally across the midline to the contralateral fossa 
without having yet infiltrated through the pharyngobasilar 
fascia. The disease spread in these patients would appear to 
be atypical, since the normal vector of spread of disease 
originating from the pharyngeal mucosal space is from medial 
to lateral with a tendency to displace the parapharyngeal 
space and styloid process posterolaterally [7]. 
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In addition, the CT density of adenoidal tissue is similar to 
muscle, making it difficult to differentiate from surrounding 
superficial nasopharyngeal musculature. On T2-weighted ax- 
ial MR scans, adenoidal tissue has high signal intensity and 
can be clearly separated and identified by a sharp interface 
with the prevertebral muscles. The difficulty with CT in differ- 
entiating tumor infiltration from the prevertebral muscles can 
be resolved with MR imaging. MR provides improved contrast 
between muscles and tumor tissue. In general, where MR is 
available it has replaced CT as the examination of choice in 
the nasopharynx. 
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MR Signal Intensity of Parathyroid 
Adenomas: Correlation with 
Histopathology 





Recent experience has shown that parathyroid adenomas vary in thair MR signal 
intensity, which raises the question of whether the signal intensity is related to different 
histologic characteristics. In order to address this question, 10 patients who had MR 
imaging studies (four at 0.35 T, six at 1.5 T) showing large- to medium-sized parathyroid 
adenomas and who subsequently underwent surgery with histologic proof of the lesion 
were evaluated. The MR appearance was compared with histologic characteristics. The 
adenomas were classified into three groups according tc the MR appearance: group |, 
low signal intensity on short TR/TE images, high signal intensity on long TR/TE images 
(n = 5); group Il, low signal intensity on short and long TR/TE images (n = 33; group Ill, 
high signal intensity on short and long TR/TE images {n = 2). Histologic analysis 
revealed that the major features of each group were different. High cellularity without 
degeneration or fibrosis was observed for all five adenomas from group I. in group Il, 
all three adenomas showed cellular degenerative changes, old hemorrhage with he- 
mosiderin-loaded macrophages, and/or fibrosis. in group Ill, both adenomas showed 
evidence of acute hemorrhage without significant degenerative or fibrotic changes. 

These data suggest that the signal intensity of parathyroid adenomas on T1- and T2- 
weighted images corresponds at least in part to differences in histologic composition. 


AJR 153:873-876, October 1989 


MR imaging has been shown to be effective in demonstrating abnormal parathy- 
roid glands [1-12]. According to these reports, the characteristic MR appearance 
of most parathyroid adenomas is low to medium signal intensity on short TR/TE 
images and high signal intensity on long TR/TE images. However, it has been 
noted that this typical MR intensity pattern is not observed in all cases [12]. About 
30% of parathyroid adenomas have either high intensity on short TR/TE images 
or low to medium intensity on long TR/TE images [12]. 

MR intensity patterns of parathyroid adenomas have not been correlated with 
histologic features. Thus, the histologic substrate for the differences in MR ap- 
pearance is not known. The aim of this study was to determine whether certain 
MR intensity patterns correspond to specific histologic features. 


Subjects and Methods 
Patients 


Seventy patients with hyperparathyroidism were studied with MR imaging (38 at 0.35 T 
and 32 at 1.5 T) between 1984 and 1988. Sixty-two of these patients had surgically verified 
parathyroid adenomas or parathyroid hyperplasia. Ten patients who had histologically proved 
parathyroid adenomas and had undergone MR imaging before surgery were selected for 
study. All 10 had MR images that unequivocally showed one of three imaging patterns on 
Tt- and T2-weighted images and showed adenomas that completely filled the section 
thickness. The three patterns were low to medium intensity on short TR/TE images and high 
intensity on long TR/TE images (group |); low to medium intensity on both short and long 
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TR/TE images (group ll); and high intensity on both short and long 
TR/TE images (group Ill). 

The study comprised four men and six women ranging from 38 to 
88 years old (mean, 60 years). The time interval between the MR 
imaging and parathyroidectomy was 1 day to 5 weeks (mean, 12 
days). Four patients were studied in an 0.35-T and six patients in a 
1.5-T cryogenic MR unit. 


MR Imaging Technique (0.35 T) 


Multislice images were obtained with repetition times (TR) from 0.5 
to 2.0 sec and echo times (TE) of 30 msec (first echo) and 60 msec 
(second echo). Two sets of multislice transverse images were ob- 
tained: a single-echo TR 0.5-sec sequence and a dual-echo TR 2.0- 
sec sequence. Standard slice thickness (z-axis) was 5-10 mm with 
approximately a 1-mm gap between slices. The standard resolution 
mode was used, which has a 256 x 256 image matrix and produces 
an in-plane spatial resolution of 1.7 mm. The number of excitations 
per line was two for TR 2.0-sec sequences and four for TR 0.5-sec 
sequences. An elliptical RF coil with a y-axis of 30 cm and an x-axis 
of 58 cm was used for the 0.35-T unit. Images were considered T1 
weighted with a TR of 0.5 sec and TE of 30 msec. Images were 
considered T2 weighted with a TR of 2.0 sec and TE of 60 msec. 


MR Imaging Technique (1.5 T) 


Multislice images were obtained with TR ranging from 0.6 to 2.5 
sec and TE of 20-30 msec (first echo) and 60-80 msec (second 
echo). Two sets of transverse images were obtained: a single echo, 
TR 0.6- to 0.7-sec sequence and a dual-echo, TR 2.0- to 2.5-sec 
sequence. Standard slice thickness (z-axis) was 5 mm, with a 1-mm 
gap between slices. The standard resolution mode was used, which 
has a 256 x 128 image matrix, producing an in-plane spatial resolu- 
tion of 0.95 mm in a 16-cm field of view. The number of excitations 
per line was two for both TR 2.0-sec and TR 0.5-sec sequences. A 
collar-shaped RF coil (11.5 x 16 cm) was used for neck imaging, and 
a circular body coil was used for chest imaging. T1-weighted images 
were obtained with a TR of 0.6 sec and a TE of 20-30 msec. Images 
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were considered T2-weighted with a TR of 2.0-2.5 sec and a TE of 
60-80 msec. The upper mediastinum was imaged from the base of 
the heart to the thoracic inlet with an elliptical RF body coil and ECG- 
gated acquisitions. 


Image Analysis 


Signal intensities of parathyroid tissue were defined qualitatively 
as high if greater than or equal to the intensity of fat, medium if 
greater than the intensity of muscle but less than that of fat, and low 
if less than the intensity of muscle. According to their MR appearance, 
the adenomas were Classified into three groups: | = low intensity on 
short TR/TE images, high intensity on long TR/TE images (n = 5); 
ll = low intensity on short and long TR/TE images (n = 3); Ill = high 
intensity on short and long TR/TE images (n = 2). 


Patnologic Evaluation 


After formalin fixation and paraffin embedding, one to four hema- 
toxylin-eosin-stained slides of each parathyroid adenoma were ex- 
amined. The pathologist did not know the MR findings. The material 
was evaluted for the following characteristics: primary and secondary 
architectural pattern (trabecular, endocrine, diffuse), primary and sec- 
ondary cell type (oncocytic, chief, clear cell), presence of a rim sign, 
sclerosis, fatty infiltration, sinusoids or cystic changes, vascularity, 
nuclear and cytoplasmic atypias, mitotic activity, cell degeneration, 
fibrosis, and hemorrhage. The semiquantitative grading system for 
histologic features was 0 = not present (or normal); + = minimal 
frequency of abnormalities; ++ = mild frequency; +++ = moderate 
frequency; ++++ = marked frequency. 


Results 


The three groups showed no apparent histologic difference 
in vascularity, fatty infiltration, presence of the rim sign, ar- 
chitectural pattern, or main cell type. Only a single case 
showed very rare mitoses. The results of histopathologic 
evaluation are given for each patient in Table 1. 


TABLE 1: Correlation of MR Imaging with Histopathology in 10 Patients with Hyperfunctioning 








Parathyroid Tissue 
Hemorrhage 
Case No. = Degeneration Fibrosis Sinusoids Pleomorphism 
Acute Chronic 

Group ! (L/H) 

1 0 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 

4 0 0 0 0 dil, F ++ 

5 0 0 0 0 0 ++, F 
Group lt (L/L) 

6 0 + ++++ ++ 0 0 

7 0 0 ++ 0 0 ++++ 

8 0 +++ + +++ dil, F +++ 
Group IlI (H/H) 

9 ++ 0 0 + dil ++ 

10 + 0 0 0 dil ++ 





Note.—L/H = low intensity on short TR/TE images and high intensity on long TR/TE MR images; L/L = low 
intensity on short and long TR/TE MR images; H/H = high intensity on short and long TR/TE MR images. Symbols 
are given as amount of the specimen involved. 0 = normal; + = minimal; ++ = mild; +++ = moderate; ++++ = 


marked; dil = dilated; F = focal. 
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The adenomas in group | (low to medium intensity on short 
TR/TE images and high iatensity on long TR/TE images, Fig. 
1) had high cellularity without remarkable degenerative 
changes. They were without necrosis, marked cytologic 
atypia, cystic or degenerative changes, or inflammation. 

Group Il (jew to medium intensity on short and long TR/TE 
images, Fig. 2) showed atypical or degenerative changes in 
all three cases, including extensive cellular degeneration with 
hemosiderin, macrophages, and surrounding fibrosis (case 6); 
marked nuclear and/or cytoplasmic pleomorphism with diffuse 
individual celi degeneratien (cases 7 and 8); and dense central 
fibrosis with abundant hemosiderin, suggesting old hemor- 
rhage or necrosis (case 3). 
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Group Ili (high intensity on short and long TR/TE images, 
Fig. 3) showed extensive acute hemorrhage and minimal 
fibrosis with cystic changes and mild atypia (case 9) or dilated 
sinusoids and focal acute hemorrhage (case 10). 


Discussion 


This study describes the various patterns of intensity of 
abnormal parathyroid glands in relation to the TR and TE of 
spin-echo images and the relationship of this dversity to 
differences in histologic features of abnormal parathyroid 
glands. The most frequent pattern in the literature (1, 3, 6, 7, 
10, 12] is low to medium intensity on short TRE images 


; Fig. 1.—A and B, MR images obtained at 1.5 T show a surgically proved parathyroid adenoma (asterisks) 1.5 x 2 cm. Parathyroid adenoma is of low 
intensity on short TR/TE image, SE 700/20 (A), and of high intensity on long TR/TE image, SE 2000/70 (B). It is representative of group |. T = trachea. 
C, Photomicrograph of histologic specimen shows a highly cellular parathyroid adenoma (H and E, x 100). 





A B 


Cc 


Fig. 2.--A and B, MR images obtained at 1.5 T show a surgically proved parathyroid adenoma (asterisks) 1 x 1 cm. Parathyroid adenoma is located in 
anterior mediastinum and shows low intensity on both short TR/TE image, SE 500/30 (A), and long TR/TE image, SE 2000/60 (8). It is reoresentative of 


group fl. A = aorta. 


C, Photomicrograph of histologic specimen shows extensive fibrosis, old hemorrhage with hemosiderin-loaded macrophages and celluler degeneration 


{H and E, «x 130). 
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Fig. 3.—A and B, MR images obtained at 0.35 T show a surgically proved parathyroid adenoma (asterisks) 2 x 1.5 cm. Adenoma shows high intensity 
on both short TR/TE image, SE gated, TE = 30 msec (A), and long TR/TE image, SE 2000/60 (B). It is representative of group Ill. 
C, Photomicrograph of histologic specimen shows extensive fresh hemorrhage without fibrosis or cellular degeneration (H and E, x 100). 


and high intensity on long TR/TE images. The number of 
patients in the current study does not reflect the frequencies 
of the three patterns in our study population because patients 
with each of the patterns were specifically selected for inclu- 
sion in the current study. Other factors that also can influence 
signal intensity of adenomas at different field strengths and 
using different parameters may have been precluded by the 
selection criteria in the current study and the fact that only 
histologic features of the abnormal glands were studied. 

The most frequent pattern (i.e., low intensity on short TR/ 
TE images and high intensity on long TR/TE images) was 
characterized histologically by parathyroid adenomas of high 
cellularity that lacked degenerative or hemorrhagic changes. 
A less frequent MR pattern (i.e., no signal enhancement with 
longer TR/TE) was associated with degenerative and/or fi- 
brotic changes in the gland. Cellular degeneration with re- 
placement of normal parenchymal tissue by fibrosis has been 
known to cause low signal intensity on short and long TR/TE 
images in various organs of the neck, chest, abdomen, and 
pelvis [13-15]. The present study suggests that cellular de- 
generation, including fibrosis of parathyroid adenomas, fol- 
lows a similar MR intensity pattern. 

High intensity on T1- and T2-weighted images reflects short 
T1 and long T2 relaxation times. This pattern might be caused 
by highly proteinaceous fluid, subacute hematoma, fat, or 
paramagnetic material within the gland. In parathyroid ade- 
nomas, this pattern seems to be associated with subacute 
hemorrhage. 

In conclusion, the appearance of abnormal parathyroid 
glands on spin-echo MR images is variable. The intensity 
pattern on T1- and T2-weighted images seems to be associ- 
ated with differences in tissue composition. However, these 
observations do not indicate tissue specificity of MR based 
on cell type or cell atypia. The number of cases examined is 
small, and further experience is necessary to support these 
initial observations. 
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Cost-effective Development of a Computer-Assisted 


Instruction System 


Robert B. McGhee, Jr.,’ William F. Bennett,’ Christopher S. Morris,’ and Larry S. Witanowski? 


Computer-assisted instruction (CAI) is becoming an impor- 
tant and practical method for radiologic education. The im- 
portance of radiologic kncavledge for medical students contin- 
ues to grow, but many academic radiologists find it difficult 
to devote large amounts ef time to teaching [1]. CAl systems 
can provide interactive instruction for medical students, resi- 
dents, and others, augmenting other learning methods such 
as reading and lectures [2]. Until recently, development of 
such systems required considerable expertise in program- 
ming and a large financial investment to produce images of 
reasonable quality. The rapid improvements in graphics ca- 
pabilities.as well as other aspects of personal computers have 
now made possible the intradepartmental production of high- 
quality, low-cost CAI systems. We have developed such a 
system for use by medica! students, residents, and practicing 
radiologists. 


System 


Our systena is based an the Commodore-Amiga personal 
computer (Commodore-Amiga, Inc., West Chester, PA), an 
inexpensive microcomputer with high-quality graphics. Indi- 
vidual floppy disk-based tutorials are produced by using a 
commercially available digitizer and various software pack- 
ages. This tutorial systera is presently designed for use only 
on the Commodore Amiga. The cost of the computer system, 
including two floppy disk drives, one megabyte of memory, 


and color monitor, is less than $1300. The total cost of 
hardware and software for the actual production o? tutorials 
is less than $1000. 

Images are digitized by using a standard black-and-white 
video camera (Fig. 1). With the same camera, color images 
(as might be used for correlative gross pathology) can be 
produced by using a color filter wheel supplied with the 
digitizer. Original radiographs, 35-mm slides, or prints can be 
used as source material. These images are then saved on 
floppy disks, combined with text, and incorporated into a 
question-and-answer format (Fig. 2). The question screen is 
constructed with Deluxe Paint Ill (Electronic Arts, San Mateo, 
CA), a commercially available “paint program” that enables 
the user to manipulate graphics and add text. The answers 
for the answer screen are entered by using WordPerfect 
(WordPerfect Corp., Orem, UT), commercially available word- 
processing software. The Director (Right Answers, Torrance, 
CA), a high-level authoring language, was used to create the 
interactive environment. This software package is an easy- 
to-use programming language designed for producing inter- 
active graphics-oriented programs. Our program was written 
by two radiologists (R. McGhee and W. Bennett) with no 
professional programming experience. 

Each tutorial, which is contained on two floppy disks, 
consists of 15-20 interactive questions on a particular subject 
and takes from 1 to 2 hr for the student to complete. A 
combination of visual and textual information is provided, with 
appropriate explanations for both correct and incorrect re- 
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sponses. All images and questions are accessible from any 
point within the tutorial. Color is incorporated into all screens 
to add visual appeal. Our system has become a part of the 
core curriculum for medical students on the radiology rotation 
at Ohio State University. These tutorials are intended as a 
learning resource, rather than a testing tool, and test scores 
are not recorded. The system is also used by radiology 
residents, nonradiology residents, radiologic technologists, 
and practicing radiologists. Because the tutorials are on floppy 
disks, reproduction and distribution to interested parties is 
easy. 


Discussion 


Interactive CAI provides a unique self-paced learning envi- 
ronment that complements the traditional approaches of lec- 





Fig. 1.—Images are digitized by using a black-and-white video camera 
connected to computer via digitizer (arrow). Filter wheel for reproduction 
of color images is in front of camera lens. 


Fig. 2.—Sample question. 

A, Question screen has one or more radiographic images with multiple-choice question. Correct answer to this question is “A.” 

B, Correct answer (“A”) has been chosen and detailed information is now given. If the wrong answer is chosen, a brief explanation is given and user 
is encouraged to choose another answer. Additional screens are available for correlative images or other pertinent material. 
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tures and printed media. Many studies have suggested that 
CA\I-based learning is at least as effective as traditional meth- 
ods [3]. In addition, the amount of time required to learn a 
given amount of material appears to be less with CAI meth- 
ods. Lectures are often interactive but require the physical 
presence and time of the teacher-expert. Books and journals 
generally are not interactive in nature, although they certainly 
are an essential tool in radiologic education. In a questionnaire 
completed by medical students using our CAI system, most 
indicated they liked using the system because it is interactive 
and because it offers an enjoyable change of pace from 
reading books or reviewing teaching files. Most felt CAI in 
general is a welcome addition to, but not a replacement for, 
other methods of learning radiology. 

There are many potential applications for CAI within radiol- 
ogy. Education of medical students and residents is an ob- 
vious application. Instruction for radiologic technologists or 
other hospital personnel such as nurses is another possibility. 
Patients undergoing an imaging procedure would most likely 
find an interactive explanation of the procedure interesting 
and helpful. Finally, practicing radiologists might find CAI- 
based learning, if incorporated into the continuing medical 
education system, to be an attractive option. 

Various approaches in the development of CAI systems for 
radiologic education are possible, each with its own advan- 
tages and drawbacks. A floppy disk-based system such as 
ours is quite inexpensive, both for the production and the use 
of CAI material. For the student, no equipment besides the 
computer system is needed. This makes it possible to use 
CAI materials at home for those who own the appropriate 
computer system. Because the teaching material is produced 
in small, separate modules, new tutorials can be added easily 
and used as soon as they are completed. With this approach, 
a library of tutorials on floppy disks can be developed, provid- 
ing a logical and inexpensive system for distribution of specific 
tutorials to interested parties. Radiographic images, dia- 
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grams, and text can be combined easily on individual screens. 
A disadvantage of this approach is the limited number of 
images (approximatey 30-80) that can be included in each 
tutorial. Another drawback is the poor reproduction of plain 
films, limiting applications primarily to MR imaging, CT, so- 
nography, and nuclear medicine education. 

Another approach that has been used in the development 
of a CAI system is the use of a videodisk player in conjunction 
with a microcomputer. Advantages of such a system include 
storage of thousands of images on a single videodisk, faster 
access to images, and better reproduction of plain films. The 
large image capacity of videodisks and rapid access makes 
feasible the production of moving images. an advantage in 
some areas such as echocardiography. One disadvantage to 
videodisk-based CAI systems is that they are considerably 
more expensive, both for the developer and for the user. In 
addition to the computer and videodisk player, a second 
monitor may be necessary. The videodisk itself can be pro- 
duced in-house by using more expensive systems. Less 
expensive systems usually require material to be sent out for 
the production of the videodisk, making addition of new 
material-or corrections much more difficult. 

The choice of a CAI system depends on the needs and 
resources available to the user. A large teaching institution 
may find the image storage capacity and other aspects of a 
videodisk-based system desirable, whereas a smaller institu- 
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tion or an individual may feel an inexpensive but flexible floppy 
disk-based system is more suitable. A videodisk would be 
more appropriate for the production of a comprehensive 
textbooklike teaching environment. whereas a floppy disk 
system would work better in the development of a subscrip- 
tion-based periodical CAI system for continuing medical edu- 
cation. As microcomputer technology progresses and as 
other high-capacity storage formats, such as compact disk 
reac-only memory (CD-ROM), become more widely available, 
the number of options will grow and they will most likely 
become more affordable. 

In summary, interactive CAI is a useful adjunct to other 
learning methods, with many present and potential applica- 
tions. The capabilities of microcomputers and related elec- 
tronic devices have progressed, and the costs of such sys- 
tems have decreased, to the point that development or use 
of CAI systems in radiologic education is possible for nearly 
all who are interested. 
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Book Review 





Alimentary Tract Radiology, 4th ed., vols. 1 and 2. Edited by Alexander R. Margulis and H. Joachim Burhenne. 


St. Louis: Mosby, 2147 pp., 1989. $299 


The origin of this respected text had an unexpected beginning. 
When Alexander Margulis was at Washington University in St. Louis, 
he was dissuaded from book authorship by his chief. Dr. Hugh Wilson 
said that time was better spent with original research. C. V. Mosby 
was disappointed. When Dr. Margulis was appointed department 
chairman at UCSF, it was possible to reconsider. 

Joachim Burhenne, then director of radiology at Childrens Hospital 
and Adult Medical Center of San Francisco, an acknowledged expert 
on radiology of the postoperative stomach, wanted to write a mono- 
graph on that subject. After talking it over, he and Dr. Margulis 
decided to take on the whole gastrointestinal tract. 

Pediatric radiology and neuroradiology already had achieved sub- 
specialty status with the texts of Caffey and Pancoast-Pendergrass- 
Chamberlain. Gastrointestinal radiology was just part of the “general” 
workload. The young professors, in a desire to both inform and 
dignify this area, took on the task of creating a multiauthor text in the 
field of alimentary tract radiology. 

The initial edition was published in 1967 and received critical 
acclaim. It made instant subspecialists out of the contributors, who 
were honored by Dr. Burhenne’s idea of having each author's name 
on the cover. The publication of the first edition created an increase 
in intellectual interest in gastrointestinal radiology. In retrospect, the 
first edition suffered considerably from a lack of editorial discipline, 
but this was understandable as the youngish editors were faced with 
senior contributors with delicate egos. 

Each subsequent edition has been an improvement. The editors 
are now the seniors, and they exercise rigid control over the content. 
What is surprising is that these two strong personalities have been 
able to avoid professoricide. Their product continually improves while 
their own personal careers have ascended to high levels. They swear 
to a totally noncombative relationship. Certainly this must be equal 
to or better than any conventional marriage based on love, honor, 
and fidelity. 

Your reviewer was fortunate to be on sabbatical leave and thus 
was able to read the entire text rather than just skim through it as is 
ordinarily necessary with a textbook of this size. It was fun and 
educational. 

The new edition has 111 names on the cover! 

The organization of this edition is similar to the past. There is an 
introductory section of history, equipment, contrast media, pharma- 
cology, and basic examination methods. Some of this material, such 
as that on radiographic-fluoroscopic equipment by Capp and Ovitt, 
is not readily available from other sources. 


You will immediately understand that dogmatism is avoided when 
reading back-to-back chapters by Laufer on the double-contrast 
examination and Gelfand on the fluoroscopically controlled single- 
contrast examination. Both are powerful contributions. 

Anatomy, physiology, and embryology are in Part ll, and the color 
sectional anatomic illustrations along with their imaging counterparts 
are outstanding. As might be expected, this comes from the New 
York Hospital-Cornell Medical Center group. 

in Part Ili, Mindelzun and McCort borrow generously from their 
excellent monograph and present the value of the plain film in 
evaluating the acute abdomen. Federle adds a chapter on abdominal 
trauma taken from his extensive experience at San Francisco General 
Hospital. The value and importance of CT are nicely documented. 

Then it is on to the tubular gut from lips to anus. Each section 
starts with a review of pathology followed by the radiologic informa- 
tion and concluded with an overview. It is almost 700 pages of pure 
gold. The chapter by Wylie J. Dodds incorporates his investigative 
findings into a brilliant report on what our strengths and limitations 
are in imaging the esophagus. If you didn't like what you read from 
Gelfand and Laufer you have Burhenne and Facche to tell you how 
to study the stomach and duodenum. They are not bashful in explain- 
ing their methods. Peptic disease by Kressel and Levine and gastric 
neoplasia by Shirakabe and Maruyama provide excellent updates of 
these important conditions. For pure aesthetics, the chapter on the 
duodenum by J. Odo Op den Orth wins the barium prize. If we could 
achieve his level of imaging quality on all our examinations, fiberoptics 
would be used almost exclusively for telecommunications. R. F. 
Thoeni presents a balanced view of the options for small-bowel 
examination. The chapters on the pathophysiology of the small bowel 
are concise and well illustrated. The section on the colon presents 
the Thoeni-Margulis approach to the colon, which is similar to the 
philosophy of Laufer. A short chapter on defecography is an intro- 
duction to this examination that so many of us seem to be avoiding. 
This filming of what is considered a private, unaesthetic event will 
probably never prove popular, but clearly the problems cannot be 
ignored. 

What criticisms are there of volume 1? The chapter on pharma- 
cology seems unfocused. This would be better written by a knowl- 
edgeable radiologist. | was disappointed by some of the pathology 
chapters until | came to Talbot. He has done an excellent job of both 
simplifying and illustrating. Discussion of diversion colitis and intra- 
mural edema-hemorrhage in the small bowel was not found in the 
text. 
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Volume:2 taxes you away from barium and into the liver, pancreas, 
spleen, and retroperitoneum, with concluding chapters related to 
pediatric radiology, interventional radiology, and miscellaneous top- 
ics. Because of the recent advances in these areas, more new 
information appears in volume 2. 

The pancreas section is sensational. Freeny and Rohrmann take 
the nonneoplastic diseases, present a broad view of all the imaging 
techniques available, and do not spare clinical advice. Stephens does 
the same in the chapter on the neoplastic diseases. It is concise but 
complete. 

The-authors on the liver, gallbladder, and biliary tract are covered 
by a paraphrase from the movie Casablanca, ‘round up the usual 
experts.” All of the methods of imaging are covered. Since there are 
so many, some duplication occurs. The only area that might need 
augmentation is CT of the liver. It was not given full coverage. 

With his usual finesse, Singleton spilled a little barium into this 
volume in a chapter on the gastrointestinal tract in kids. The chapter 
by Rosenberg and Goldberg on pediatric sonography was an even 
greater delight. It gives one a new feeling about the power of 
sonography when used in the infant and child. Their illustrations are 
outstanding. 

Keller, Rosch, and Freeny contribute the chapters on angiography, 
and these take the prize for aesthetically pleasing illustrations in 
volume 2. Although the authors acknowledge that the use of angiog- 
raphy is diminishing, the value and the standards of performance of 
these methods are clearly presented. The spleen may be viewed as 
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somewhat of a boring organ, but the contributions on the spleen are 
important and well done. There is great emphasis on proper diagnosis 
so that the spleen, once considered a throwaway organ, remains in 
situ and functioning. 

Meyers, Ajzen, Allen, Cooperberg, Demas, Hricak, and Castellino 
invaded the retroperitoneum but attempted to avoid the genitourinary 
tract. Although the avoidance was not complete, the important im- 
aging contributions in this area are explained and illustrated. 

While interventional radiology is the least stable of any field of 
alimentary tract radiology, the current state of the art is covered for 
now. Don’t rely on this information in 1990. 

Criticism of volume 2 is limited to a desire for better integration. 
There is liver served at almost every course of the meal and that 
does dull the appetite. 

it is impossible to cover every aspect and author of this 2000+ 
page treatise, but the global assessment is that this is an unusually 
effective multiauthored text. Many of the authors have written the 
best monograph in their area, so it is like an anthology of the best 
short stories of 1988. Don’t look for Alimentary Tract Radiology to 
be on the New York Times best-seller list, but be a reader if you want 
the best current information in this field. 


John R. Amberg 
University of California, San Diego, Medical Center 
San Diego, CA 92103 
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MELVIN M. FIGLEY FELLOWSHIP IN RADIOLOGY JOURNALISM 


The American Roentgen Ray Society announces a one-month fellowship in radiology 
journalism in the La Jolla editorial office of the AJR. Board-certified radiologists with 
special academic promise are invited to apply. 


PURPOSE The purpose of the fellowship is (1) to stimulate 
bright young radiologists to continue with an aca- 
demic career, to accelerate their progress, and to 
stimulate their interest in good radiology journal- 
ism, and (2) to improve the quality of radiology 
journals by teaching the fundamentals of medical 
journalism to academicians, training manuscript 
reviewers and future editors, and providing core 
teachers of medical journalism in radiology de- 
partments around the country. 


CURRICULUM The fellow will be taught the fundamentals of 
medical writing, manuscript preparation, peer 
review, manuscript editing, the ethics of scientific 
journalism, and journal publication and printing in 
personal tutorials given by the AJR editors and 
editorial staff through hands-on experience in the 
editorial office. He or she will visit Williams & 
Wilkins in Baltimore to observe the publication 
and printing process. 


STIPEND The successful candidate will be awarded $10,000, 
which includes the cost of travel to La Jolla and 
Baltimore, living expenses for the month, and an 
honorarium. 


APPLICATIONS Candidates should apply in writing to Robert N. 
Berk, M.D., Editor-in-Chief, AJR Editorial Office, 
2223 Avenida de la Playa, Suite 200, La Jolla, CA 
92037. The letter must include a curriculum vitae 
and a description of the candidate's goals during 
the fellowship. Letters of recommendation from 
his or her department chairman and one other 
senior person are required. Deadline for receipt 
of applications is Nov. 1, 1989. The successful 
candidate will be notified Dec. 1, 1989, and may 
choose one of the following months for the fellow- 
ship training: Jan., Feb., March, April 1990. 
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Letters 





Error in Meeting News Report 


The AJR report [1] of the proceedings of the recent annual meeting 
of the Society of Cardiovascular and interventional Radiology is a 
valiant attempt to bridge the gap between the ponderous but accurate 
peer-reviewed scientific journals and the fast but distorted journalism 
of unscientific newspapers and “throw-away” magazines. This report 
carries. the imprimatur of a highly regarded scientific journal, the AJR, 
and will be indexed and may be cited in future publications. The 
Journal thus has a major responsibility to ensure the accuracy of the 
contents. Errors may be very damaging. 

In the section on vena caval filters, the presentation of Ernest J. 
Ferris is misquoted. The lewer inferior vena cava is not “studied easily 
by sonography,” nor is the newer bird’s nest filter “easier to remove.” 
The terms “effective” anc “safe” normally are not applied to investi- 
gational devices. The Simon Nitinol filter (without quotes or parenthe- 
ses) currently is undergoing clinical trial. It has not been submitted to 
the U. S. Food and Drug Administration yet and thus could not have 
been “precluded approval” [2]. Its clinical complication rate is com- 
parable with that of other filters, particularly as they previously could 
not be followed with MR imaging. A significant omission, since other 
introducers are cited, is that it passes through a slim 7-French 
introducer. The Greenfield titanium filter is stated by Dr. Cho to have 
shown “a success rate cf 100% in 47 patients.” If so, the filter recall 
noted in the final sentenee seems a disturbing non sequitur. 

| hope that future attempts at reporting meeting news will be 
better. An obvious suggestion would be to send galleys of each 
section to the speaker being quoted, for editing and approval. The 
speaker need be given cnly a few days to respond. Furthermore, the 
entire report should receive the overall professional review and ap- 
proval of the chair of the meeting's program committee. Finally, the 
report should not be anonymous. The author should be recognized 
and should take appropriate responsibility for his or her work. Re- 
grettably, these minimal requirements have not been met in this initial 
venture. 

Morris Simon 

Beth Israel Hospital 
Harvard Medical School 
Boston, MA 02215 
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Reply 


The meeting news article [1] in the June issue of the AJR, about 
the March meeting of the Society of Cardiovascular and Interventional 
Radiology, was the first in a new series of papers summarizing 
important national meetings. The purpose of the series is to provide 
Journal readers with the latest information promptly and in an inter- 
esting fashion. Because of the nature and intent of tnese articles, 
they are not subject to the peer review required of other papers. 

From the outset, we recognized that there is a risk of publishing 
erroneous information in such articles Real possibilities exist that we 
can fail to report accurately what was said at the meeting or that the 
authors of the papers can present erroneous information. 

As the first article was being published, we already had decided 
that the papers must be reviewed for accuracy of content by more 
than just the Journal editors. As many persons as possible will be 
included, despite the time constraints we have imposed. At the very 
least, galleys will be sent to the meeting directors and the members 
of the Journal's publication committee. When the number of persons 
involved allows it, galleys will be sent to all those who presented 
papers. Also, after the first article, we decided not to publish the 
reports anonymously. The author of the summary article will be noted 
in print even if he or she is an employee of the Journa. 

if we continue to receive letters Ike the one from Dr. Simon as 
future meeting news articles appear in the Journal, or if readers find 
the reports of little interest and value, the series will no: be continued. 
We encourage readers to let us know what they think about the 
series. 

Robert N. Berk 
Editor-in-Chief 
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Partial Flip-Angle Spin-Echo Imaging: Clinical 
Applications 


One of the major problems in MP: imaging is the time required for 
acquisitions. This limits the number of patients that can be imaged 
each day and may result in motion artifacts in critically ill patients. 
Use of fast imaging techniques with partial flip-angle refocused 
echoes has resolved this problem somewhat by providing rapid T2- 
weighted sequences [1-3]. However, these sequences have some 
limitations: (1) The contrast obtained is T2*-weighted rather than T2- 
weighted. This difference is more than academic, as the T2-weighted 
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Fig. 1.—A and B, Comparison of two 1500/100 spin-echo MR images 
with flip angles of 90° (A) and 65° (B) at about same brain level in two 
patients with multiple sclerosis. B has more T2-weighted contrast than A. 


images seem to show parenchymal abnormalities in the brain better 
than T2*-weighted gradient-echo images. (2) The number of slices 
per acquisition time is limited. (3) There is no evolution from spin- 
density to T2-weighted contrast as seen with the use of several 
echoes in long TR spin-echo (SE) sequences, which are particularly 
useful in brain examinations. 

To reduce the overall acquisition time per patient, we applied 
partial flip angles to SE sequences on a 0.5-T magnet. We compared 
these sequences with long TR acquisitions and concluded that the 
sequences gave comparable information without degradation in im- 
age quality. The late echo of such sequences provides the same level 
of intensity in the CSF and the same contrast with gray and white 
matter as those seen with 2000/120 SE sequences. 

These sequences are performed with a paired number of echoes 
(needed because of the nutation angles) by using RF refocusing 
pulses. With a 65° flip angle (approximately near the Ernst angle for 
most tissues), proton-density and T2-weighted contrasts are obtained 
with a TR of 1500 msec and TEs of 50 and 100 msec, respectively. 
This sequence allows 11 slices per acquisition; the time required is 
less than 13 min with two averages and a 256 x 256 acquisition 
matrix (Fig. 1). 

The same contrasts can be obtained with a flip angle of 35°, a TR 
of 1100 msec, and TEs of 40 and 80 msec without important loss in 
the signal-to-noise ratio. The same number of slices is available, and 
this acquisition takes less than 9.3 min. 

In patients who cannot stay in the magnet long, we also use an 
SE sequence with a partial flip angle of 30°, a TR of 600 msec, TEs 
of 35 and 70 msec, and two averages, but the signal-to-noise ratio 
is weaker, and only seven slices per unit time are obtained. Despite 
these pitfalls, this sequence is performed to give information on signal 
abnormalities rather than on anatomic detail and is achieved in 5.3 
min with a 256 x 256 acquisition matrix. 

During the past 6 months, about 500 patients have been examined 
by using these sequences. The savings in time has been approxi- 
mately 8% compared with the long TR, spin-echo sequences usually 
performed. 

J. P. Laissy 

Hôpital Charles Nicolle 
76031 Rouen Cedex, France 
P. Hugonet 

IRM Paris Nord 

95200 Sarcelles, France 
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Focal Nodular Hyperplasia of the Liver: Features on 
Gd-DTPA-Enhanced MR 


A 33-year-old woman had severe dysmenorrhea and abdominal 
pain in the right lower quadrant. Physical examination revealed a 
mobile palpable mass in the right upper quadrant. At laparoscopy, in 
acditic:: to a myoma of the uterus and a benign cyst of the right 
Ovary, a pedunculated tumor attached to the liver was found. Sonog- 
raphy showed a well-defined, subcapsular, hypoechoic, solid mass 6 
cm in diameter attached to the liver. CT showed a well-defined, 
homogeneous, hypodense, solid, pedunculated tumor of the liver. 
Ateriography and scintigraphy showed typical findings of focal nodular 
hyperplasia. On T1-weighted MR images, the tumor was hypointense 
compared with normal liver parenchyma (lesion:liver ratio, 0.8), and 
the signal intensity of the center was low (Fig. 1). On T2-weighted 
images, the tumor was isointense compared with normal liver paren- 
chyma (lesion:liver ratio, 1.0-1.1), and the signal intensity of the 
center was high. Delineation of the tumor from normal liver paren- 
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Fig. 1.—Focal nodular hyperplasia of liver. 

A and B, Unenhanced sagittal MR images show pedunculated tumor 
(arrows) attached caudally and ventrally to right lobe of liver is hypointense 
compared with normal liver parenchyma on T1-weighted image, SE 20/300 
(A), and isointense on T2-weighted image, SE 100/2000 (B). Signal inten- 
sity of centrally located scar (arrowheads) is low on T1-weighted image 
and high on T2-weighted image. 

C and D, MR images obtained immediately (C) and 6 min (D) after IV 
bolus infusion of Gd-DTPA show enhancement of tumor (arrows), which 
has high signal intensity. Image obtained at 6 min also shows nodular 
lobules of high signal intensity separated by septa of iow signal intensity 
(arrowhead), consistent with pathologic appearance of focal nodular hy- 
perpiasia. 





AJR:153, October 1989 


chyma was difficult. T1-weighted images obtained after an IV bolus 
infusion of Gd-DTPA (0.1 mmol/kg) showed a vascular tumor. The 
tumor was hyperintense (lesion:liver ratio, 1.2) immediately after the 
infusion of Gc-DTPA because of the high vascularity of the lesion. 
Six minutes after the infusion, radiating septa were seen as structures 
with low signal intensity that separated the nodular lobules of high 
signal intensity within the tumor. The contrast-enhanced MR findings 
were consistent with the diagnosis of focal nodular hyperplasia. The 
patient was treated surgically, and pathologic examination of the 
tumor confirmed the diagnosis. 

To our knowledge, only two MR studies [1, 2] of patients with 
focal nodular hyperplasia have been reported, and neither study 
included contrast enhancement. As reported, focal nodular hyperpla- 
sia can be visualized on unenhanced MR imaging as a homogeneous 
isointense lesion on all pulse sequences, a hypointense lesion on T1- 
weighted sequences, or a homogeneous hyperintense lesion on T2- 
weighted sequences. The typical central stellate scar is seen as a 
dark region en T1-weighted images and as a bright region on T2- 
weighted images. This may be due to the presence of bile ducts and 
slowly flowing blood within the scar [1]. In our case, the central scar 
and septa were depicted on MR only. The superior soft-tissue con- 
trast of Gd-COTPA~enhanced MR enabled visualization of the lobules 
of normal liver tissue, which were separated from one another by the 
fibrous septa. This was consistent with the typical pathologic findings 
[3]. The lobules are hyperplastic nodules of normal liver tissue. The 
fibrous trabecular strands occupy the center and extend to the 
periphery to form a stellate structure with compartments of various 
sizes and shapes [3]. Microscopically, focal nodular hyperplasia is 
composed of areas of normal-appearing liver cells that are subdivided 
into pseudotobules by the fibrous strands, which may coalesce at the 
center. The proliferative mass may have a centric or eccentric ar- 
rangement. The pattern seen on contrast-enhanced MR may provide 
an important diagnostic clue for this disorder and may help in differ- 
entiating it from other focal hepatic tumors. 

Richenel T. O. Tjon A. Tham 
Herma C. Holscher 

Theo H. M. Falke 

Jan-Willem Arndt 

Cornelis B. H. W. Lamers 
University Medical Centre Leiden 
2333 AA Leiden, the Netherlands 
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Focal Nodular Hyperplasia of the Liver on Delayed 
Enhanced CT 


Recent reports [1, 2] have described the value of delayed contrast- 
enhanced CT of the liver for the detection of hepatic lesions. With 
this technique, focal hepatic lesions appear as low-attenuation de- 
fects within the surrounding liver. We describe a case of hepatic focal 
nodular hyperplasia in which the lesion had higher attenuation than 
surrounding liver on delayed contrast-enhanced scans, a finding that 
may be specific for this disease. 

A 36-year-old woman noted a palpable abdominal mass in the right 
upper quadrant with no associated symptoms. Findings on liver 
sonograpky were normal. Examination of a needle-biopsy specimen 
of the mass showed focal nodular hyperplasia. CT was performed 8 
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Fig. 1.—A-C, Compared with 
normal liver, lesion (arrows) of fo- 
cal nodular hyperplasia (1) is al- 
most indistinguishable on unen- 
hanced CT scan (A), (2) shows 
same degree of enhancement on 
dynamic contrast-enhanced CT 
scan (8), and (3) has higher at- 
tenuation on delayed iodine-en- 
hanced CT scan (C). 
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days later to assess the extent of the lesion. Although a central focal 
scar was seen on both unenhanced and dynamic enhanced (150 ml 
Renografin 60% [methylglucamine diatrizoate] at 2 ml/sec) CT scans 
(Fig. 1), the extent of the lesion was seen best as a high-attenuation 
area on scans made 4 hr later. Whereas normai liver attenuation 
increased from 67 H on unenhanced CT to 88 H on delayed enhanced 
CT, attenuation of the lesion increased from 67 to 96 H. 

Most lesions of focal nodular hyperplasia are hypodense to sur- 
rounding liver on unenhanced CT, becoming isodense or transiently 
hyperdense after infusion of IV contrast material, depending on the 
rate of infusion. A central scar may be a relatively specific CT feature, 
but it was noted in only two (14%) of 23 cases in a recent series 
[3]. To date, focal lesions in the liver on delayed enhanced scans 
uniformly have been described as having lower attenuation than 
normal liver [1, 2]. Because normal hepatocytes secrete 1% to 2% 
of the injected iodine load into the biliary system, on delayed scans 
most hepatic lesions will be hypodense compared with surrounding 
parenchyma [1]. However, the presence of functioning hepatocytes 
within lesions of focal nodular hyperplasia may be an exception to 
this pattern. Hyperfunctioning hepatocytes may be present in cases 
such as this one, with hypersecretion of iodine leading to a hyper- 
dense lesion on delayed contrast-enhanced scans, Tha same process 
would account for the focally increased uptake of the radionuclide 
seen within lesions of focal nodular hyperplasia on biliary scintigraphy 
[4]. We conclude that focal nodular hyperplasia, urlike other focal 
nepatic lesions, may be hyperdense to normal liver parenchyma on 
delayed contrast-enhanced CT. 

Ruben Kier 

Arthur T. Rosenfield 
Yale New Haven Hospital 
New Haven, CT 06504 
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Direct Sagittal CT of the Foot 


Most commonly, CT scans of the foot are acquired in axial or, less 
frequently, coronal projections [1]. As noted by Solomon et al. [2], “It 
is not always possible with conventional radiographic techniques to 
show foot pathology to the best advantage.” Because CT can show 
cortical detail best when the plane of the CT section is at right angles 
to the cortex in question, in some situations reformations in the two 
other anatomic planes may be necessary to solve difficult imaging 
problems. Compared with direct scanning in the desired plane, ref- 
ormation has several disadvantages: Spatial resolution is decreased, 
patients absorb higher doses of radiation, and a longer examination 
time often is required because of the large number of thin sections 
needed to study the region of interest. Reformation also requires 
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Fig. 1.—A and B, Positioning of patient for direct sagittal CT of foot. 
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Fig. 2.—Sagittal CT scans of metatarsophalangeal (MTP) joint silastic 
implant in great toe. 

A, Scanogram shows area (between dashed lines) in which sections 
were obtained. 

B, Direct sagittal section of entire foot clearly shows anatomy through 
medial side of foot and part of MTP joint prosthesis (arrow). 

C, Scan of great toe in dorsiflexion shows MTP joint prosthesis (between 
closed arrows). Tibial sesamoid is drawn into prosthesis (open arrow), and 
bone-bone (without space for sesamoid cartilage) articulation is present 
between sesamoid and residual first metatarsal cortex (arrowhead). 
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increased technician and computer time, resulting in additional ex- 
pense. Because of these limitations, we devised a method to obtain 
direct sagittal CT of the foot. 

Figure 1 shows how patients are positioned for direct sagittal CT 
cf the foot. A firm, wedge-shaped cushion 4 ft. (1.2 m) long and 
approximately 18 in. (45.7 cm) high at the apex is placed on the CT 
table. Relative to the foot to be scanned, the patient is placed in the 
contralateral decubitus position with the long axis of that foot parallel 
to the scanning beam. Care is taken to support the extended torso 
comfortably. A box or block taped or clamped to the CT table keeps 
the foot in position and prevents external rotation. The foot is taped 
along its dorsum to prevent dorsiflexion and motion during scanning. 
if necessary, the angle of the gantry can be adjusted to facilitate 
precise sagittal sectioning. Anatomic localization with a topogram 
and appropriate section thickness and technique can be used then. 

Recently [3], we saw a 33-year-old woman in whom severe dis- 
abling pain developed approximately 1 month after a total implant 
arthroplasty of the first right metatarsophalangeal joint. CT was 
planned to evaluate sesamoid entrapment into the prosthesis, but a 
Sagittal plane was desired for optimal detail. The patient was posi- 
tioned as shown in Figure 1, and three sets of sagittal sections 
through the first metatarsophalangeal joint were performed with the 
patient's great toe in the flexed, extended, and neutral positions 
(Fig. 2). 

F. A. Mann 

L. A. Gilula 

Mallinckrodt Institute of Radiology 
St. Louis, MO 63110 
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The Lateral Ankle Index 


It is always exciting for an emergency department radiologist to 
read about a new soft-tissue sign that may aid in the diagnosis of 
fractures. The lateral ankle index (LAI) reported by Finck and Jones 
[1] appeared to be just such a sign, totally new and not too complex 
to be practical. (The index is derived by dividing the sagittal length of 
the distal tibial articulating surface by the distance from the anterior 
tibial articulating surface to the anterior border of the pre-Achilles fat 
as shown on the lateral radiograph.) 

| immediately pulled out my teaching envelope of radiographs of 
ankle injuries to test the sign. Each of the first three fractures of the 
fibula had an index of 0.66 or 0.67, right at the borderline of one 
Standard deviation from the fracture mean and the same from the 
“no fracture” mean. If two standard deviations are used, these results 
are even more inconclusive. | then looked at the radiographs of two 
severe fractures of the fibula. The LAls were 0.60 and 0.62, clearly 
indexes indicating “no fracture.” 

These observations may help to better define the usefulness of 
the LAI for further testing. A sign in which the value in a person 
without trauma is in the same range as the value in a person with a 
fracture is clearly not a sign for discovering fractures. Rather, if no 
obvious (severe) fracture is present and the LAI is below the fracture 
range. indicating extensive soft-tissue swelling, then a diagnosis of 
“no fracture” can be made. 
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it is hoped that the index will be valid for exciuding fractures of the 

distal fibula. Only time will determine if enough energy can be trans- 

mitted to both the bone and the soft tissue to cause both a subtle 

fracture and a lot of soft-tissue swelling. 

A final point to remember: The LAI will not exclude fractures of the 
mid or proximal fibula, which may occur with ankle-twisting injuries. 

Stanley P. Bohrer 

Bowman Gray School of Medicine 

Winston-Salem, NC 27103 
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Reply 


We thank Dr. Bohrer for his letter about our recent article [1]. He 
cites exampies of five patients with fibular fractures who have lateral 
ankle indexes (LAI) ranging from 0.60 to 0.67. In our experience, 
these vaiues are low for patients with isolated lateral adduction 
fractures of the ankle whe had radiographs taken promptly after their 
injury. The LAI may be less accurate in patients who have multiple or 
severe ankle fractures or in patients who did not have radiographs 
taken shortly after their injury. The LAI is most accurate when used 
to confirm the presence: or absence of a subtle lateral malleolar 
fracture. 

Saul Finck 

Malcolm D. Jones 

University of California, Irvine, Medical Center 
Orange, CA 92668 
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Spinal Cord Compression by Unusual Epidural Air 
Accumulation After Continuous Epidural Analgesia 


Continuous epidural analgesia, a palliative method for relief of 
acute sciatic pain, causes surprisingly few neurologic complications 
[1]. Lumbar root compression usually is attributed to hematoma or 
formation of an abscess, Dut signs and symptoms due to injection of 
air have been reported only recently [2]. 

A 40-year-old woman was admitted 10 days after the appearance 
of disabling radiating pairs in her right leg. She had had similar sciatic 
pains 5 years earlier. On admission, she had marked motor weakness 
and sensory loss in her right leg. An epidura! catheter was installed 
at thedevel of L3-L4, and 40 mg of methylprednisolone acetate and 
4 mi of 0.5% bupivacain hydrochloride were administered. The pain 
in her right leg was relieved after 15 min., and the same amount of 
bupivacain was injected every 4 hr. The next day, the epidural 
catheter became occluded and was replaced. Myelography showed 
extradural compression cf the thecal sac at the level of L5-S1 on the 
right side. CT with metrizamide confirmed the level of the herniated 
disk, and a few air bubbles were seen in the epidural space and 
between the paraspinal muscles of the lumbar region. Despite the 
relief achieved by the useof continuous epidural analgesia, the patient 
began te complain of inereasing motor weakness and numbness in 
her left leg. Reocclusion of the epidural catheter occurred 2 days 
later, and the catheter was replaced again. Headaches, increasing 
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Fig. 1.—A-C, Axial CT scans 
of spine show anterior displace- 
ment of thecal sac by a large col- 
jection of posteriorly located epi- 
dural air in cervical region (A), 
decreased amount of epidural air 
in thoracic region (B), and mini- 
mal amount of epidural air and air 
between paraspinal muscles in 
iumbar region (C) after continu- 
ous epidural analgesia. 


motor weakness, and hyposensitivity in the upper extremities ap- 
peared a few hours later. Removal of the epidural catheter led to 
slow relief of her headaches. CT scan of the cervical spine showed a 
fairly large amount of posteriorly located epidural air displacing the 
thecal sac anteriorly in the cervical and thoracic spine (Fig. 1) and, to 
a lesser amount, in the lumbar area. After the catheter was removed, 
the neurologic signs and symptoms disappeared gradually, first in 
the upper extremities and later in the left leg. CT of the spine 
performed at this time showed a decreased amount of epidural air. 
A week later, the patient had right diskectomy at the L5~S11 level. 
Many of the complications of epidural anaigesia are related to 
technique. as correct insertion of the epidural catheter can be verified 
only by the ensuing neural blockade [3]. Subcutaneous emphysema 
is a known, but rare, complication [4]. Presumably, the repeated 
replacement of the catheter in our case, requiring testing by injection 
of air, led to the epidural collection of air along the spine. The virtual 
absence of anterior epidural space in the spinal canal limited the 
accumulation of air to the posterior epidural space. The CT evidence 
of antericr displacement of the thecal sac by the large epidural 
collection of air supported the clinical manifestations of spinal cord 
compression, which vary with the severity of the pressure and the 
rapidity of its induction [1]. These neurologic sequelae are reversible 
after removal of the epidural catheter. 
M. Hirsch 
Y. Katz 
A. Sasson 
Soroka Medical Center 
Ben-Gurion University of the Negev 
Beer-Sheva 84101, Israel 
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Gd-DTPA-Enhanced MR Detection of Diffuse 
Leptomeningeal Metastases 


A 3-year-old girl had a 1-month history of lethargy and vomiting. 
The results of a physical examination and routine blood tests were 
normal. Cranial CT with and without contrast enhancement showed 
hydrocephalus without evidence of an obstructing lesion. After place- 
ment of a ventriculoperitoneal shunt, the patient improved dramati- 
cally. 

Two months later, the patient returned because of recurrent vom- 
iting. Contrast-enhanced CT showed normal ventricles, multiple areas 
of low attenuation within both cerebral hemispheres and the cerebel- 
lum, and abnormal enhancement of the basal cisterns. Cranial MR 
imaging showed multiple, well-circumscribed areas of decreased 
signal on T1 sequences and of increased signal on T2 sequences. 
The largest lesion was in the right temporal lobe (Fig. 1). After IV 
administration of Gd-DTPA (0.1 mmol/kg), marked diffuse enhance- 
ment of the basilar cisterns, sylvian and interhemispheric fissures, 
and cortical sulci occurred. MR examination of the spinal areas 
showed an enhancing intradural lesion at the T9 level. 

Laboratory evaluation of CSF showed increased protein, slight 
leukocytosis, and cytologic evidence of dysplastic cells. All microbi- 
ologic cultures were negative. Biopsy of the lesion in the right 
temporal lobe was performed, and histopathologic examination of the 
specimen showed a primitive neuroectodermal tumor. 

Leptomeningeal metastases occur with a number of intra- and 
extracranial neoplasms. These include leukemia, lymphoma, and 
extracranial solid tumors. Primitive neuroectodermal or embryonal 
tumors are undifferentiated, highly malignant, primary CNS neo- 
plasms that occur in young patients. Medulloblastoma, cerebral 
neuroblastoma, pineal parenchymal tumors (pineoblastoma and pi- 
neocytoma), ependymoblastoma, and retinoblastoma are some of 
the neoplasms included in the classification of primitive neuroecto- 
dermal tumors [1]. These tumors, as well as ependymomas, have a 
propensity to seed through the CSF. 

Leptomeningeal metastases may be diffuse or may produce focal 
deposits. Clinically, this produces neurologic symptoms and signs at 
several levels of the CNS. Analysis of CSF is useful in confirming the 
diagnosis and may show increased protein, leukocytosis, and abnor- 
mal cytologic findings. 

The findings on contrast-enhanced CT can be abnormal in approx- 
imately 35% of patients with known leptomeningeal metastatic dis- 
ease [2]. CT findings include enhancement of the basal cisterns, sulci, 
and tentorium. Ependymai-subependymal enhancement occurs with 
ventricular involvement, and communicating hydrocephalus may be 
present. 

MR imaging without contrast enhancement is less sensitive than 
contrast-enhanced CT in detection of leptomeningeal metastases 
[3]. Abnormal findings on nonenhanced MR include hydrocephalus, 
focal cisternal masses, and possible signal changes in the CSF of the 
basal cisterns. As both iodinated contrast media and Gd-DTPA are 
postulated to produce enhancement in areas of breakdown of the 
blood-brain barrier, it might be expected that administration of con- 
trast material would result in cisternal and sulcal enhancement on 
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Fig. 1.—Diffuse leptomeningeai metastases in a 3-year-old giri with 
primitive neuroectodermal tumor, 

A and B, Axial MR images, 650/25, obtained before (A) and after (B) 
administration of Gd-DPTA show multiple low-signal parenchymal lesions 
(A) and diffuse enhancement of cisterns and tentorium (B). 


MR, as in our case. Meningitis also may produce hydrocephalus and 
leptomeningeal and subependymal enhancement, similar to the find- 
ings in metastatic disease [4]. 

Our case shows that, as with CT, Gd-DTPA MR enhancement is 
needed to detect leptomengingeal metastasis not evident on standard 
images. Consequently, Gd-DTPA-enhanced MR imaging should be 
mandatory in patients who have neoplasms known to metastasize 
commonly to the leptomeninges, such as primitive neuroectodermal 
tumors, or who have hydrocephalus of unknown cause. 

Peter A. Cooley 

David J. Czarnecki 

St. Luke's Medical Center 
Milwaukee, WI 53215 

John R. Sty 

Children's Hospital of Wisconsin 
Milwaukee, WI 53226 
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Normal Location of Conus Medullaris in Childhood 


The study by Wilson and Prince [1] on the normal level of the 
conus medullaris in childhood had flawed methodology. The retro- 
spective analysis was circular, and the sample was biased. The 
authors state, “The study group consisted of 184 children ranging in 
age from newborn to 20 years who had a normal conus level as 
reported by the radiologist of record.” The objective of the article, 
however, was to determine what a normai conus level is. It does not 
make sense to assume certain criteria for normality in selecting the 
sample group and then study that same sample to determine the 
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criteria for normality. In addition, the study was to “determine the 
location of the conus medullaris in normal children,” but the subjects 
chosen were not normal. The sample included, among others, pa- 
tients:with low back pain or back injury, possible infection or tumor 
of the spine or cord, poor bowel and/or bladder control, scoliosis, 
abnormal muscle tone or gait, and spina bifida. A study of this nature 
should not include patients with spinal orthopedic or neurologic 
dysfunction. Children imaged for unrelated conditions that incidentally 
revealed the location of the conus would have been more appropriate. 
Although the objective of the article is worthwhile, less potentially 
biased data need to be analyzed. 
Dvorah Balsam 
Mark Lodespoto 
Nassau County Medical Center 
East Meadow, NY 11554 
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Reply 


We appreciate the interest that Drs. Balsam and Lodespoto have 
shown in our research. We also are fully aware of the bias inherent 
in any retrospective study. Our analysis was not, however, circular. 
For our group of “normal” infants and children, we chose 85 subjects 
who were referred for MR scans because of back pain, back injury, 
leukemia, possible spinal tumor or inflammation, or abdominal tumor 
(mostly Wilms tumors and liver tumors). All of these studies were 
interpreted as normal by the radiologist of record in so far as involve- 
ment of the spine was concerned. In other words, there was no gross 
evidence of infection, tumor, or significant trauma involving the spine 
or cord that might alter the level of the conus medullaris. There was 
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also no evidence in this group for spinal dysraphism, dyspiastic conus, 
thickened filum terminale, or adherence of the cord to the thecal sac. 
Only those subjects with back pain might be considered to have a 
slightly increased prevalence of tethered cord. 

The second group of subjects was studied because of possible 
symptoms of tethered cord, and indeed this diagnosis was made and 
surgically confirmed in 40 children during the course of our study. 
After eliminating the subjects who had proved tethered cord, we 
were left with a group of 99 subjects. We used rigorous statistical 
analysis to evaluate the findings in this group and determined that 
the location of the conus did not differ significantly from that in the 
“normal” subjects in the first group. Only then did we combine the 
groups for further analysis. We suppese it is possible that one or 
more patients with a morphologically normal cord, conus medullaris, 
and filum terminale could have had a tethered cord. The probability 
of this occurring must be quite small, but if it did occur, the statistical 
effect of such an error on our results and conclusions would be 
miniscule. In a 1-year follow-up of our entire “normal” group (com- 
bined groups 1 and 2), the diagnosis of a tethered cord has not been 
made subsequently in any of the subjects. We concluded the follow- 
ing: (1) The conus medullaris does not ascend throughout childhood 
but reaches the adult level sometime curing the first few months of 
life. (2) A conus medullaris at or above L2-L3 is normal at any age. 
(3) The conus occasionally can occur at L3 in a normal child or adult. 
We remain confident in the accuracy of our results. 

A prospective study is clearly the next step in confirming our 
findings. There are, however, difficulties inherent in obtaining ade- 
quate numbers of healthy children whose parents will permit MR with 
the requisite risk of sedation. This type of study also would be 
expensive, costing approximately $80,000 at our institution for the 
same number of subjects. 

Don A. Wilson 

John R. Prince 

Magnetic Resonance Center 
Oklahoma Medical Center 
Oklahoma City, OK 73126 
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The New England Journal of Medicine 


A controlled trial of dexamethasone in preterm infants at high 
tisk for bronchopulmonary dysplasia. Cummings JJ, D'Eugenio 
DB, Gross SJ (JJC, Children’s Hospital of Buffalo, 219 Bryant St., 
Buffalo, NY 14222). N Engi J Med 320(23):1505-1510, June 1989 


We evaluated the use of dexamethasone in preterm infants to 
decrease morbidity associated with bronchopulmonary dysplasia in a 
randomized, double-blind, placebo-controlled trial. Thirty-six preterm 
infants (birth weight, <1250 g and gestational age, <30 weeks) who 
were dependent on oxygen and mechanical ventilation at two weeks 
of age received a 42-day course of dexamethasone (n = 13), an 18- 
day course of dexamethasone (n = 12), or saline placebo (n = 11). 
The starting dose of dexamethasone was 0.5 mg per kilogram of 
body weight per day, and it was progressively lowered during the 
period of administration. 

infants in the 42-day dexamethasone group, but not those in the 
18-day group, were weaned from mechanical ventilation significantly 
faster than control infants (medians 29, 73, and 84 days, respectively; 
P < 0.05), and from supplemental oxygen (medians 65, 190, and 136 
days, respectively; P < 0.05). No clinical complications of steroid 
administration were noted. Follow-up of all 23 survivors at 6 and 15 
months of age showed good outcome (normal neurologic examina- 
tions and Bayley Developmental Indexes 284) in 7 of the 9 infants in 
the 42-day dexamethasone group, but in only 2 of the 9 infants in 
the 18-day dexamethasone group and 2 of the 5 in the placebo group 
(P < 0.05). 

We conclude that dexamethasone therapy for 42 days improves 
pulmonary and neurodevelopmental outcome in very-low-birth-weight 
infants at high risk for bronchopulmonary dysplasia. 


A randomized, controlled trial of very early prophylactic ligation 
of the ductus arteriosus in babies who weighed 1000 g or less at 
birth. Cassady G, Crouse DT, Kirklin JW, et al. (GC, Children’s 
Hospital of San Francisco, 3850 California St., San Francisco, CA 
94118). N Engi J Med 320(23):1511-1516, June 1989 


We speculated that prophylactic ligation of the ductus arteriosus 
would reduce mortality and morbidity in very-low-birth-weight infants. 
To test this hypothesis, we randomly assigned 84 babies who 
weighed 1000 g or less at birth and required supplemental oxygen 
either to receive standard treatment (n = 44) or to undergo prophy- 
lactic surgical ligation of the ductus arteriosus on the day of birth (n 
= 40). The ductus was ligated in babies in the contro! group only if 


the shunt was hemodynamically important. All the babies were fol- 
lowed for one year. 

The incidence of necrotizing enterocolitis was reduced in the group 
that underwent prophylactic ligation (3 of 40 [8 percent]}) as compared 
with the control group (13 of 44 [30 percent]; P = 0.002). The 
frequency of death, bronchopulmonary dysplasia, retinopathy of pre- 
maturity, and intraventricular hemorrhage was similar in both groups. 
Because early enteral feeding may have increased the incidence of 
necrotizing enterocolitis, we analyzed separately the babies who were 
fed early. Among the infants who were fed within 14 days of birth, 
those who underwent prophylactic ligation had a lower incidence of 
necrotizing enterocolitis (1 of 11 [9 percent]) than those who did not 
(13 of 24 [54 percent]; P = 0.001). Within the contro! group, the 
infants who were fed within 14 days of birth and whose ductus was 
ligated for medical reasons within 5 days of birth had a lower incidence 
of necrotizing enterocolitis (2 of 10 [20 percent]) than those whose 
ductus was ligated later or not at all (11 of 14 [79 percent]; P = 
0.004). 

We conclude that early surgical closure of the ductus arteriosus 
reduces the risk of necrotizing enterocolitis in infants of very low birth 
weight who require supplemental oxygen. 


Cancer 


Relationship between carotenoids and cancer: the multiple risk 
factor intervention trial (MRFIT) study. Connett JE, Kuller LH, 
Kjelsberg MO, et al. (JEC, Coordinating Centers for Biometric Re- 
search, Ste. 508, 2829 University Ave., S. E., Minneapolis, MN 
55414). Cancer 64:126-134, 1989 


We evaluated the baseline serum levels of beta carotene, total 
carotenoids, vitamin A and E, and retinol-binding protein among 156 
initially healthy men who participated in the Multiple Risk Factor 
Intervention Trial (MRFIT) and who subsequently died of cancer and 
311 controls individually matched for age, smoking status, random- 
ization group, date of randomization, and clinical center. Both total 
carotenoids and beta carotene levels were lower in the 66 lung cancer 
cases than in their matched controls. For all cancer deaths combined, 
there were no significant differences in total carotenoids or beta 
carotene between cases and controls. The relationship between 
lower serum carotenoid levels and lung cancer persisted after ad- 
justing for the number of cigarettes, alcohol intake, serum thiocyanate 
levels, and cholesterol levels in the blood. Serum levels of retinol, 
alpha tocopherol, and retinol-binding protein were not related to any 
cancer site. The results of this study provide further evidence for a 
possible protective effect of beta carotene against lung cancer among 
cigarette smokers. 

Reprinted by permission from the American Cancer Society. 
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Relationship between cizrhosis, liver cancer, and hepatic metas- 
tases: an autopsy study. Melato M, Laurino L, Mucli E, Valente M, 
Okuda K (MM, Istituto di Anatomia Patalogica, University of Trieste, 
Ospedale Maggiore. | 34160 Trieste, Italy). Cancer 64:455-459, 1989 


Consecutive autopsies (5241) performed in the Trieste area and 
consecutive autopsies (6511) performed in the Tokyo-Chiba area 
were analyzed to study the frequency of liver metastases in cirrhotics. 
The italian material included 500 cases and the Japanese material 
included 529 cases of liver cirrhosis. Both of these groups were 
matched fer sex and age with a control group. The results were 
similar in beth areas anc confirmed the widely held but disputed 
opinion that metastases in cirrhotic liver are rare. These results seem 
to be clinicaily important since they agree with the fact that most 
neoplasms in cirrhotic liver are primary. From a biologic and epide- 
miologic poimt of view, these results call for reconsideration of the 
complex relationship existing between cancer and liver cirrhosis, in 
relation to major causative factors such as alcohol and hepatitis B 
virus (HBV} infection. 

Reprinted by permission fram the American Cancer Society. 


Chest 


Roentgenographic evidence for predominant left-sided location 
of unilateral pleural plaques. Withers BF, Ducatman AM, Yang WN 
(AMD, Environmental Medical Service, MIT, 18 Vassar St., Cam- 
bridge, MA 02139). Chest*95:1262-1264, 1989 


The roentgenographic prevalence and anatomic distribution of 
pleural plaques were studied in the US Navy Asbestos Medical 
Surveillance Program population (105,064 individuals as of July 17, 
1985). “Definite” or “probable” pleural plaques were noted in 4.4 
percent of films. These were unilateral in 19.3 percent of roentgeno- 
grams with “definite” pleural plaque and 33.9 percent of films with 
“probable” pleural plaque: Unilateral findings were more often left- 
sided than right-sided; a ratio of 287:82 in the “definite” group and 
625:287 in the “probable”-group. Left-sided predominance of unilat- 
eral plaque is a consistent and unexplained epidemiologic finding that 
may provide clues to pleural pathogenesis following asbestos expo- 
sure. 


Gastroenterology 


Enteroclysis in the evaluation of suspected small intestinal bleed- 
ing. Rex DK, Lappas JC, Maglinte DDT, Malczewski MC, Kopecky 
KA, Cockerili EM (DKR, Dept. of Medicine, Division of Gastroenter- 
ology, Indiana University School of Medicine, Indianapolis, IN). Gas- 
troenterology 97:58-60, 1989 


One hundred twenty-five consecutive enteroclysis studies per- 
formed for the indication cf gastrointestinal bleeding were reviewed. 
The overall yield of positive studies was low (10%) but important 
lesions were found. Patieats with unequivocally normal evaluations 
of the upper gastrointestinal tract and colon had the highest yield of 
positive enteroclysis studies (20%). Neither the specific type of bleed- 
ing, the presence or absence of abdominal symptoms or physical 
examination findings, nor the results of laboratory tests were asso- 
ciated with a positive or negative enteroclysis study. 

Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Detection of biliary origin of acute pancreatitis: comparison of 
laboratory tests, ultrasound, computed tomography, and ERCP. 
Schéimerich J, Gross V, Johannesson T, et al. (JS, Medizinische 
Universitatskiinik, Hugstetter Str. 55, D-7800 Freiburg, West Ger- 
many). Dig Dis Sci 34(6):830-833, June 1989 
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Fifty consecutive patients with acute pancreatitis were assessed 
with respect to a biliary origin of the disease. Endoscopic retrograde 
cholangicpancreaticography, surgery, and autopsy were used to 
define biliary pancreatitis. Ultrasound, computed tomography, and 
several laboratory tests (SGOT, SGPT, alkaline phosohatase, and 
bilirubin) were analyzed for their ability to detect a biliary origin of the 
disease. Ultrasound and computed tomography could not reliably 
make the diagnosis in the 10 patients found to have biliary disease. 
Receiver-cperator—characteristic curves revealed that none of the 
laboratory tests assessed had sufficient sensitivity and specificity to 
determine the diagnosis, although all tests showed higher mean 
values in biliary pancreatitis. SGPT gave the best discrimination 
(positive predictive value 53%, negative predictive value 94%, cut off 
40 units/liter). Therefore, initial ERCP is suggested ‘or a reliable 
diagnosis of biliary origin of acute pancreatitis. 


Clinicopathological features and natural history of gastric hamar- 
tomatous polyps. lishi H, Tatsuta M, Okuda S (HI, Dept. of Gastroin- 
testinal Oncology, The Center for Adult Diseases, 3-3, Nakamichi 1- 
chome, Higashinari-ku, Osaka 537, Japan). Dig Dis Sei 34(6):890- 
894, June 1989 


The clinicopathological features, chromoendoscopic findings, and 
natural history of hamartomatous polyps of the stomach were com- 
pared with those of gastric hyperplastic polyps. Hamartomatous 
polyps were found significantly more frequently in adult females than 
adult males, and all were located in the gastric body or the fundus. 
In general, the number of polyps per patient was less in cider patients. 
Histologically, all these polyps were formed of cysticalily dilated ox- 
yntic glands and irregularly deformed oxyntic glands. Cnromoendos- 
copic examinations using Congo red showed that the polyps were 
associated with extensive acid-secreting areas, were all located in 
acid-secreting areas, and had an acid-secreting function. Colonos- 
copy and/or radiologic examinations showed that one or a few polyps 
were frequently also present in the colons of these patients, but none 
of the families of the patients had a history of gastrointestinal poly- 
posis. One to 11 years after the initial endoscopy, in seven (50.0%) 
of 14 patients with hamartomatous polyps followed up, the number 
of polyps decreased significantly. 


Detection of esophageal motor disorders by radionuclide transit 
studies: a reappraisal. Holloway RH, Lange RC, Plankey MW, 
McCallum RW (RWM, Division of Gastroenterology, University of 
Virginia School of Medicine, Box 145, Charlottesville, VA 22908). Dig 
Dis Sci 34(6):905-912, June 1989 


Radionuclide measurement of esophageal transit has been pro- 
posed as a screening test for esophageal motor dysfunction. In this 
study we evaluated the radionuclide esophageal transit test in 49 
consecutive patients undergoing esophageal manometry for esoph- 
ageal motor disorders. Esophageal transit was assessed using a 10- 
mi water bolus labeled with 250 „Ci technetium-99m su'fur colloid. In 
preliminary studies in 14 healthy controls, mean transit time was 9.6 
+ 2.1 (SD) sec. Prolonged transit (>15 sec) was observed in two of 
28 swallow sequences in the control subjects. Transit times were 
prolonged in all patients with achalasia or diffuse esophageal spasm, 
and in five of seven patients with nonspecific abnormalities of peri- 
staltic progression. The test was abnormal in only three of seven 
patients with high-amplitude peristalsis (nutcracker esophagus) and 
in none of three patients with hypertensive lower esophageal sphinc- 
ter. Additionally, prolonged transit was seen in two of 18 patients 
with normal manometry. We conclude that the radionuclide transit 
test using a liquid bolus successfully identifies motor disorders char- 
acterized by defective peristaltic progression but not disorders in 
which peristalsis is intact. A major limiting factor appears to be the 
small number of swallow sequences tested. The test may not, there- 
fore, be accurate enough to consider adopting as a sensitive and 
noninvasive screening test in the evaluation of patients with sus- 
pected esophageal motor disorders. 
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The Journal of Bone and Joint Surgery 


Evaluation of magnetic resonance imaging in the diagnosis of 
osteonecrosis of the femoral head: accuracy compared with 
radiographs, core biopsy, and intraosseous pressure measure- 
ments. Robinson HJ Jr, Hartleben PD, Lund G, Schreiman J (HJR, 
Mayo Memorial Bidg., 420 Delaware St. S. E., Minneapolis, MN 
55455). J Bone Joint Surg [Am] 71-A(5):650~-663, June 1989 


The accuracy of magnetic resonance imaging in the detection of 
osteonecrosis of the femoral head was compared with that of other 
diagnostic methods in current use: plain radiography, bone-marrow 
pressure determinations, intramedullary venography, and histological 
examination of core-biopsy bone specimens. In the first phase of the 
study, forty-eight patients (ninety-six hips) who were at high risk for 
avascular necrosis were studied. Abnormal patterns on magnetic 
resonance imaging, consistent with those seen in necrosis, were 
found in all hips that were suspected of having Ficat Stage-2 or 3 
changes on the basis of radiographic evidence of the disease. Ab- 
normal patterns on magnetic resonance imaging that were charac- 
teristic of avascular necrosis were also observed in 17 per cent of 
the hips that were suspected of having Ficat Stage-0 changes and in 
64 per cent of those that showed Stage-1 changes, all with no 
radiographic changes. 

In the second phase of the study, twenty-three of the ninety-six 
hips that were suspected of having early-stage necrosis of the femoral 
head but showed slight or no radiographic changes were studied by 
repeat radiographs, Ficat functional evaluations of bone, core biop- 
sies of the femoral head, and magnetic resonance imaging. Of the 
twenty-three hips, eighteen (78 per cent) had positive changes on 
magnetic resonance imaging; nineteen (83 per cent) had positive 
histological evidence of necrosis; and fourteen (61 per cent) had 
positive findings by bone-marrow pressure studies and intramedullary 
venography. Although false-negative and false-positive results were 
observed with magnetic resonance imaging, the over-all results of 
this study suggest that magnetic resonance imaging may be useful 
for the early diagnosis of avascular necrosis. 


Clinical Orthopaedics and Related Research 


Benign metastasizing giant-cell tumor of bone: report of three 
cases and review of the literature. Maloney WJ, Vaughan LM, 
Jones HH, Ross J, Nagel DA (WJM, 300 Pasteur Dr., Division of 
Orthopaedic Surgery, R171, Stanford, CA 94305-5326). Clin Orthop 
243:208-215, June 1989 


Three cases of benign giant-cell tumor (GCT) of bone with pulmo- 
nary metastasis are reported. In addition, 28 cases from the literature 
are reviewed. The patients were followed for a mean of 7.8 years 
(range from two to 29 years). The interval to metastasis ranged from 
zero to ten years with a mean of 3.2 years. Metastasis was not 
related to the number of previous operations. The local recurrence 
rate in the tumors that metastasized was 63%, suggesting that GCTs 
that metastasize may be an agressive form of the tumor. The overall 
mortality rate was 16%. Persistent pulmonary disease does not carry 
a poor prognosis; surgical resection of accessible pulmonary nodules 
is recommended to provide histologic confirmation of the diagnosis, 
and prevent future complications secondary to local growth of the 
implants, as well as provide a potential cure. Chemotherapy has not 
improved survival and is associated with significant morbidity and is 
thus not recommended. Adjuvant radiation is recommended only for 
control of surgically unresectable lesions because of its potential 
association with sarcomatous degeneration in GCT. 


The Journal of Urology 


Selective use of excretory urography in women with acute pye- 
lonephritis. Sandberg T, Stokland E, Brolin |, Lidin-Janson G, Eden 


AJR:153, October 1989 


CS (TS, Dept. of Infectious Diseases, Ostra Hospital, S-416 85 
Göteborg, Sweden). J. Urol 141:1290-1294, June 1989 


The outcome of excretory urography was analyzed in 103 non- 
pregnant women followed prospectively after community acquired 
acute pyelonephritis. Radiological abnormality was found in 40 per 
cent of the patients (17 per cent had major abnormalities, including 
renal scarring, calculi and obstruction). All 5 women with surgically 
correctable lesions had rapid bacteriological relapse or recurrent 
acute pyelonephritis. 

Neither a history of urinary tract infection, the acute inflammatory 
response nor infection due to Escherichia coli with or without adhe- 
sions specific for Gala 1—4Gal3-containing receptors was efficient in 
predicting major radiographic lesions or the outcome of treatment. 
Bacteremia was detected in 27 per cent of the patients but in the 
absence of obstruction. These results suggest that excretory urog- 
raphy is dispensable in most women with acute pyelonephritis, and 
that those needing such investigation may be identified by failure to 
respond to antibiotic treatment or by the recurrence pattern. 


The Journal of Pediatrics 


High-output cardiac failure in fetuses with large sacrococcygeal 
teratoma: diagnosis by echocardiography and Doppler ultra- 
sound. Schmidt KG, Silverman NH, Harrison MR, Callen PW (NHS, 
University of California, San Francisco, Rm. M342 A, Box 0214, San 
Francisco, CA 94143). J Pediatr 114:1023-1028, June 1989 


With two-dimensional echocardiography and Doppler ultrasound, 
we demonstrated high-output cardiac failure in three fetuses with 
large sacrococcygeal teratomas. All fetuses had normal cardiac struc- 
ture, dilated ventricles maintaining a normal fractional shortening 
index, a dilated inferior vena cava reflecting the increased venous 
return from the lower body, pericardial and pleural effusions as a 
manifestation of fetal hydrops, and a markedly thickened placenta. 
When fetal hydrops was present, the combined ventricular output 
was very high (mean 1280 mi/min/kg; normal 553 + 153 (SD)). 
Descending aortic flow was aiso sharply increased (mean 930 ml/ 
min/kg; normal 184 + 20), as was placental flow (mean 480 mi/min/ 
kg, normal 110 + 26). High-velocity arterial flow signals were also 
found within the tumor. In one fetus studied serially, placental thick- 
ness and tumor diameter increased rapidly; placental flow as a 
percentage of descending aortic flow decreased, indicating a further 
increase of flow to the tumor. These abnormal hemodynamic changes 
were reversed after the fetus’s teratoma was surgically removed. We 
conclude that the sacrococcygeal teratoma acts as a large arterio- 
venous fistula, which causes high-output cardiac failure. Surgical 
removal of the teratoma in a previabie fetus with such hemodynamic 
findings may prove to be the most effective treatment. 


Journal of Thoracic Imaging 


The Fleischner Lecture: computed tomography of diffuse pulmo- 
nary disease. Genereux GP (E. N. C. Milne, M.D., Professor of 
Radiological Sciences and Medicine, University of California, Irvine 
Medical Center, 101 City Dr., Orange, CA 92668-3297). J Thorac 
Imaging 4(3):50-87, 1989 


The current level of computed tomography (CT) scanner resolution 
is such that CT is possibly the best radiographic procedure available 
for viewing gross pulmonary anatomy and pathology. CT densitom- 
etry, in contrast, is of limited value in assessing diffuse lung disease 
because of partial volume errors created by the wide range of 
intrathoracic tissue densities. Anteroposterior density gradients and 
total mean lung density can be used advantageously in a select group 
of patients with suspected high-density disease. 

The morphologic patterns of diffuse high-density lung disease as 
viewed on conventional roentgenograms correlate closely with those 
depicted on CT images. 


AJR:153, October 1989 


Density measurements in normal and abnormal patients suggest 
that the medulla of the lung may be a reservoir zone that accommo- 
dates increased bicod flow via distention and recruitment of vessels 
under appropriate conditions. 

Pulmonary diseases that cause oligemia can be identified and 
distinguished by their combined CT densitometric and morphologic 
characteristics. Combined high- and low-density disease may need 
total integration of plain radiographs, isotopic scans, and CT scans 
for proper interpretation. 


Pediatric Radiology 


The natural history of reflux in the lower pole of duplicated 
collecting systems: a controlled study. Ben-Ami T, Gayer G, Hertz 
M, Lotan D, Boichis H (TB-A, Dept. of Diagnostic Imaging, The Chaim 
Sheba Medical Center, Tel Hashomer, Israel). Pediatr Radiol 19:308- 
310, 1989 


Thirty two children with reflux into the lower pole of duplicated 
collecting systems, followed non-operatively for one to five years, 
were compared to a carefully selected control group of similar children 
who had reflux into a single collecting system. There were no signif- 
icant differences between the two groups, either in the outcome of 
reflux or in the incidence of new renal scars. We conclude that reflux 
into:the lower pole of a duplex kidney does not in itself constitute an 
indication for early surgical treatment. 


Mastoid abnormalities in Down syndrome. Glass RBJ, Yousefza- 
deh DK, Roizen NJ (RBJG, Dept. of Radiology, Loyola University 
Medical Center, Maywood, IL). Pediatr Radiol 19:311-312, 1989 


Hearing loss and otitis media are commonly associated with Down 
syndrome. Hypoplasia of the mastoids is seen in many affected 
children and sclerosis of mastoid bones is not uncommon in Down 
syndrome. Awareness and early recognition of mastoid abnormality 
may lead to appropriate and timely therapy, thereby preserving the 
child's hearing or compensating for hearing loss; factors which are 
important for learning and maximum development. 


Journal of Ultrasound in Medicine 


Sonography of the distal cystic duct. Parulekar SG (SGP, Mount 
Sinai Medical Center, Dept. of Radiology, Division of Ultrasound, 1 
Mount Sinai Dr., Cleveland, OH 44106). J Ultrasound Med 8:367- 
373, July 1989 


This prospective study of 139 patients was performed for evalua- 
tion. of the normal and abnormal distal cystic duct and cystic duct 
remnant after cholecystectomy. The normal distal cystic duct could 
be demonstrated in 51% of the patients with normal common bile 
duct and normal gallbladder. The average diameter of the normal 
distal cystic duct was 1.8 mm. In 95% of the patients, the distal 
cystic duct was located posterior to the common bile duct and, in 
5% of the patients, anterior to the common duct. Echoes produced 
by cystic duct insertion into the common bile duct occasionally can 
be mistaken for stones in the common bile duct. These echoes, 
however, are not associated with acoustic shadowing. Sludge and 
stones could be demonstrated in the distal cystic duct as well as in 
the cystic duct remnant after cholecystectomy. 

Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Journal of Computer Assisted Tomography 


Gadolinium-DOTA enhanced MR imaging of intracranial lesions. 
Parizel PM, Gegryse HR, Gheuens J, et al. (PMP, Dept. of Radiology, 
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Universitair Ziekenhuis Antwerpen, University of Antwerp, Wilrijk- 
straat 10, B-2520 Edegem, Belgium). J Comput Assist Tomogr 
13/3):378-385, May/June 1989 


Gadolinium 1,4,7,10-tetraazacyclododecane-N,N’ IN” N’’’-tetra- 
acetic acid (Gd-DOTA) is the first of a new class of macrocyclic 
paramagnetic magnetic resonance (MR) contrast agents (gadolinium 
cryptelates) to be used in clinical practice. Gadolinium-DOTA pos- 
sesses relaxation properties similar to those of gadolinium diethylene 
triamine pentaacetic acid (Gd-DTPA). We report our initial clinical 
experience in 38 patients with intracranial lesions stucied with MR 
before and after injection of Gd-DOTA. Diseases included primary 
and metastatic brain tumor, cerebral infarct, vascular malformation, 
meningioma, hemangiopericytoma, schwannoma, and pituitary mac- 
roadenoma. Gadolinium-DOTA was administered intravenously in a 
dosage of 0.1 mmol/kg body weight. All studies were performed on 
a superconductive 0.5 T system. As compared to norcontrast T1- 
and T2-weighted images (WI), Gd-DOTA enhanced 71 W1 were 
useful in defining the anatomy of malignant intraaxial tumors (high- 
grade glioma, metastasis) and in tumor versus edema differentiation. 
Low-grade gliomas did not enhance; in these cases the precontrast 
T2-weighted sequence was found to be more informative. In post- 
operative patients, Gd-DOTA allowed us to demonstrate residual 
tumor or tumor recurrence. Extraaxial tumors (meningioma, heman- 
giopericytoma, neuroma) enhanced markedly, presumably reflecting 
tumor vascularity. In our experience, the use of Gd-DOTA improves 
the anatomic definition of cerebral lesions and in some cases in- 
creases both MR sensitivity and specificity. We found Gd-DOTA to 
be a well tolerated and effective paramagnetic contrast agent. Gad- 
olinium-DOTA can be considered as an alternative water-soluble MR 
contrast agent to Gd-DTPA. 


Computed tomography in pulmonary sarcoidosis. Lynch DA, Webb 
WR, Gamsu G, Stulbarg M, Golden J (DAL, Dept. cf Radiology, 
University of California at San Francisco, San Francisco, CA 94143- 
0628). J Comput Assist Tomogr 13(3):405-410, May/June 1989 


We studied the high resolution CT (HRCT) scans oë 15 patients 
with biopsy-proven sarcoidosis and correlated the findings with pul- 
monary function tests (12 patients), Ga scans (10 patients), bron- 
choalveolar lavage (five patients), recent transbronchial biopsy (six 
patients), and recent open lung biopsy (three patients}. The HRCT 
features included small nodules, thickened interlobular septa, patchy 
focal increase in lung density, honeycombing, and central conglom- 
eration of vessels and bronchi. Active alveolitis was present by gallium 
scanning criteria in 5 of 10 cases. By bronchoalveolar lavage criteria, 
activity was present in three of five cases. Patchy increase in density 
may correlate with active alveolitis as seen on °’Ga scanning. High 
resolution CT was better than chest X-radiography for demonstration 
of patchy increase in density and for distinguishing nodules from 
septal thickening. Both nodules and patchy density were partly 
reversible following therapy. Nodular densities seen on CT correlated 
with the presence of granulomata on histology. Resting pulmonary 
function tests correlated poorly with presence and extent of lung 
disease on HRCT. The presence on HRCT of focal fine nodules, 
patchy focal increase in lung density, and central crowding of bronchi 
and vessels should suggest the diagnosis of sarcoidosis. In some 
patients, HRCT can identify unsuspected parenchymal lung disease 
and document the reversible components of sarcoid lung disease. 


Computed tomography of inflation-fixed lungs: the beaded sep- 
tum sign of pulmonary metastases. Ren H, Hruban RH, Kuhiman 
JE, et al. (D. M. Hutchins, Dept. of Pathology, Johns Hopkins Hospital, 
Baltimore, MD 21205). J Comput Assist Tomogr 13(3):41 1-416, May/ 
June 1989 


Radiographic identification of pulmonary metastases has proved 
to be a challenging problem. We applied high resolution CT (HRCT) 
to 180 postmortem lung specimens prepared by a method that allows 
for direct one-to-one pathologic-radiologic correlation. Of the 180 
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lungs, 32 had pulmonary metastases. The location, number, size, 
and interstitial changes were evaluated in 32 cases with pulmonary 
metastases. The pulmonary metastases were peripheral lesions in 
94% of these 32 patients, and multiple tumors were found in 91% of 
these cases. The metastases were <1 cm in diameter in 78%. 
Twenty-two of the 32 cases (69%) had obvious interstitial changes. 
in 19 of these 22 cases the interstitial change was characterized by 
the appearance of a “beaded septum” on HRCT. This beaded septal 
change corresponded directly to tumor growth in pulmonary capillar- 
ies and lymphatics and the septal interstitium. This sign was not 
noted in any of the specimens with pulmonary edema or fibrosis or 
in normal lungs. We believe that detection of the beaded septum sign 
on HRCT is highly suggestive of pulmonary metastases. 


Magnetic Resonance Imaging 


Magnetic resonance imaging of malignant fibrous histiocytoma. 
Mahajan H, Kim EE, Wallace S, Abello R, Benjamin R, Evans HL 
(EEK, Division of Diagnostic Imaging, Box 057, The University of 
Texas M. D. Anderson Cancer Center, 1515 Holcombe Bivd., Hous- 
ton, TX 77030). Magn Reson Imaging 7:283-288, 1989 


The magnetic resonance imaging (MRI) changes in 39 patients 
with malignant fibrous histiocytoma (MFH) were reviewed retrospec- 
tively. Twenty-one sarcomas were in the lower extremity, five each 
in the upper extremity and trunk, two each in the neck and heart, 
and one each in the maxillary sinus, sella turcica, tongue, and 
spermatic cord. 

The examinations were performed with spin-echo sequences on a 
1.5 Tesla Signa Scanner (GE, Milwaukee WI). Twenty-two tumors 


AJR:153, October 1989 


exhibited intermediate signal intensity on 7;-weighted images and 23 
were of high signal intensity on T.-weighted images. There was no 
significant difference in signal intensity of 12 preoperative and 13 
recurrent neoplasms. Twelve of 13 patients were correctly diagnosed 
as having postoperative changes. 

The MR sensitivity and specificity for detecting a neoplasm were 
96% and 83% respectively, but the signal changes were nonspecific 
for MFH. When compared to CT in 14 patients, MR better defined 
the extent of the MFH, its relationship to surrounding tissues and 
vessels, and best differentiated residual or recurrent disease from 
postoperative changes when examined at least 3 months after 
surgery. 


Biological effects of weak electromagnetic fields from 0 Hz to 
200 MHz: a survey of the literature with special emphasis on 
possible magnetic resonance effects. Beers GJ, (GJB, Dept. of 
Radiology, Boston University Medical Center, 88 E. Newton St., 
Boston, MA 02118). Magn Reson Imaging 7:309-331, 1989 


The literature on biological effects of weak electromagnetic fields 
of a frequency of 200 MHz or less is surveyed. The topic has been 
extraordinarily controversial, in part because of disputed assertions 
about a role for electromagnetic fields in carcinogenesis or production 
of abnormalities in growth and development. There is fairly wide- 
spread acceptance of certain beneficial effects, particularly the stim- 
ulation of healing. An increasing number of reports point to interac- 
tions between static magnetic fields and time-varying fields in the 
production of some effects. Safety implications are noted along with 
the hypothetical possibility of production of experimental artifacts by 
electromagnetic fields in MRS research. 


a 


Society for Medical Decision Making Annual 
Meeting 


The 11th annual meeting of the Society for Medical Decision 
Making will be Oct. 15-18 at the Radisson University Hotel, Minne- 
apolis, MN. The program will include a symposium, Medical Decision 
Making and Public Policy: presentations of seven categories of cur- 
rent scientific work; poster sessions; and discussions for special 
interest groups. One-day courses in medical decision making will be 
held Oct. 15, including Practical Applications of Medical Decision 
Making, Advanced Decision Psychology, Confidence Profiles, and 
Influence Diagrams. Information: John C. Tomeny, Administrative 
Director, Society for Medical Decision Making, P. O. Box 447, West 
Lebanon, NH 03784; (603) 298-9929. 


Principles and Practice of MRI 


The Johns Hopkins Medical Institutions are sponsoring Principles 
and Practice of MRI, Nov. 10-12, at the Sheraton Inner Harbor Hotel, 
Baltimore, MD. Program cirectors: Elias A. Zerhouni, R. Nick Bryan, 
and Clare M. C. Tempany. Category 1 credit: 20.5 hr. Fee: physicians, 
$395; persons in training, $200. Information: Office of Continuing 
Education, The Johns Hopkins Medical Institutions, Turner Bidg., 720 
Rutland Ave., Baltimore, MD 21205-2195; (301) 955-2959. 


Diagnostic Radiology and Nuclear Medicine 


The Dept. of Radiology. Bowman Gray School of Medicine, Wake 
Forest University, will holdits 9th Annual Winter Continuing Education 
Meeting, Jan. 27-Feb. 3, 1990, at the Frenchman's Reef Beach 
Resort, St. Thomas, U. S. Virgin Islands. The course will provide the 
practicing radiologist a survey of contemporary topics pertaining to 
key subspecialties and techniques. A special feature will be a seminar 
on financial planning. Category 1 credit: 17 hr. Fee: $500. Information: 
Pat Rice, Dept. of Radiolagy, Bowman Gray School of Medicine, 300 
S. Hawthorne Rd., Winston-Salem, NC 27103; (919) 748-2470. 


Intermountain Imaging Conference 


The Medical College of Wisconsin will hold its 11th annual Inter- 
mountain Imaging Conference, Feb. 10-17, 1990, in Steamboat 
Springs, CO. This 6-day program will discuss the application of digital 
imaging to clinical programs. Morning lectures and afternoon semi- 
nars will explore the use of computer-based imaging systems in 
problem solving and their lationship to other conventional diagnostic 
techniques. A series of focused seminars will cover Doppler vascular 
imaging, neurologic imaging, and imaging in obstetrics and gynecol- 
ogy. Categcry 1 credit: 33 hr. Fee: $475. Information: Thomas L. 
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Lawson, M.D., 6420 N. Lake Dr., Milwaukee, WI 53217; (414) 257- 
6024 or 257-7201. 


Interventional Radiology 1990: Vascular and Biliary 
Updates 


The Dept. of Radiology, University of Utah, School cf Medicine, is 
sponsoring Interventional Radiology 1990: Vascular and Biliary Up- 
dates, Feb. 11-16, 1990, at Snowbird, UT. Course director: Franklin 
J. Miller. Category 1 credit: 22 hr. Fee: practicing physicians, $395; 
residents and fellows, $150. Information: Judy Gallegos, CME Coor- 
dinator, Dept. of Radiology, University of Utah, Schoo’ of Medicine, 
1A71 Medical Center, Salt Lake City, UT 84132; (801) 581-8699. 


Imaging the Central Nervous System (Including the 
Spine) 


The Medical College of Wisconsin and Continuing Medical Educa- 
tion, Inc., will present Imaging the Central Nervous System (including 
the Spine), Feb. 18-23, 1990, at the Westin La Paloma Resort, 
Tucson, AZ. The course is designed for radiologists and others who 
are interested in MR and state-of-the-art conventional imaging. Topics 
will include applications of MR, CT, sonography, myelography, and 
angiography. Anatomic-radiologic correlations will be featured. Pro- 
gram chairmen: Victor Haughton, Thomas Naidich, Robert Quencer, 
and Joachim Seeger. Category 1 credit: 25 hr. Fee: through Dec. 31, 
1989; $425; after Dec. 31, $475. Information: Continuing Medical 
Education, Inc., 11011 W. North Ave., Milwaukee, WI 53226; (414) 
771-9520. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 12-13, 1989, and Sept. 27-23, 1990. Oral 
examinaticns will be held at the Executive West Hote: in Louisville, 
KY, June 4-8, 1990. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48009. 


Wanted: Radiologists to Teach in India in 
December 


Radiologists are needed to teach mammography in India for the 
month of December 1989. All expenses will be paid. Information: 
Lilian Stern, M.D., Dept. of Diagnostic Medical Imaging, Methodist 
Hospital, 2301 S. Broad St., Philadelphia, PA 19148; (275) 952-9151. 
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Meeting and Course Review 


For the reader's convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Basic and Advanced Training in MRI, times arranged, Baltimore 
(Dec 1988) 

Visiting Fellowships in Radiology at MGH, times arranged, Boston 
(April) 

Biliary Lithotripsy Visiting Fellowships, times arranged, Philadelphia 
(April) 

Visiting Fellowship in Interventional Radiology, times arranged, 
Baltimore (Sept) 

Visiting Fellowships in UCSF, times arranged, San Francisco (Sept) 
Preceptorships in Transrectal Ultrasound of the Prostate, Ann 
Arbor, MI (Sept) 

Radiology on Ischia, Sept. 23-Oct. 1, Lacco Amena, Island of Ischia, 
Bay of Naples, Italy (May) 

Registry Preparation Courses for Sonographers: Physics, Sept. 
29-Oct. 1, Los Angeles; Oct. 6-8, Chicago; Doppler Physics, Oct. 
2, Los Angeles (May) 

Tutorial Course in Ireland, Oct. 1-5, Adare, ireland (Sept) 

MR Course in Riyadh, Saudi Arabia, Oct. 2-5, Riyadh, Saudi Arabia 
(June) 

Current Trends in Diagnostic Radiology, Oct. 2-5, Boston (June) 
Update in Pediatric Imaging, Oct. 2-5, Laguna Niguel, CA (June) 
Clinical Magnetic Resonance Imaging, Oct. 2-6, San Francisco 
(Sept) 

MRI: Clinical State of the Art, Oct. 4-7, New York (Sept) 

Seminar in Diagnostic Ultrasound, Oct. 5-7, Ann Arbor, MI (May) 
Biomedical Image Processing with Microcomputers, Oct. 5-7, St. 
Louis (Aug) 

Breast Imaging: Problems and Solutions, Oct. 6, Boston (June) 
Pediatric Neuoradiology Seminar, Oct. 7, San Francisco (Sept) 
Practical Radiology, Oct. 9-12, Charlottesville, VA (May) 
Introduction to Comparative Imaging for Urologic Lithotripsy, Oct. 
12, Denver (Aug) 

Color Doppler 1990, Oct. 12-14, Beverly Hills, CA (Sept) 

Practical Magnetic Resonance Imaging 1989, Oct. 12-15, Las 
Vegas, NV (April) 

Renal and Biliary Lithotripsy, Oct. 12-15, Denver (Aug) 

The Lungs and Heart: Imaging Answers to Clinical Problems, Oct. 
14-29, Bangkok, Chiangmai, and Phuket, Thailand; Hong Kong; and 
Taipei, Taiwan (July) 

Organ Imaging Review 1989, Oct. 15-20, Toronto, Ontario (Aug) 
Clinical MR Imaging Course, Oct. 16-18, New Haven, CT (Sept) 
Chest Disease, Oct. 16-19, Boston (July) 

World Congress for Bronchology, Oct. 18-20, Tokyo, and Oct. 21- 
22, Kyoto, Japan (Nov 1988) 

Farwest Image Perception Conference, Oct. 19-20, Tucson, AZ 
(June) 

Neonatal Neurosonography, Oct. 19-20, Philadelphia (Sept) 

CT and MR of the Brain, Head, Neck, and Spine, Oct. 19-20, 
Chicago (Sept) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
19-23, Melbourne, Australia (March) 

MRI Review ’89, Oct. 20-22, Toronto, Ontario (Aug) 

Automated Percutaneous Discectomy Workshops, Oct. 21-22, 
1989, and April 7-8, 1990, Washington, DC; Nov. 18-19, 1989, 
Nashville, TN; Dec. 9-10, 1989, Jan. 13-14 and Feb. 17-18, 1990, 
San Francisco (Sept) 

Mammography for the General Radiologist, Oct. 23-26, Boston 
(March) 

Visiting Fellowship in Mammography, Oct. 23-27, Los Angeles 
(March) 
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Practicums in MR Imaging: Basic Practicum, Oct. 23-27, Baltimore 
(March) 

Magnetic Resonance Imaging and CT Update, Oct. 23-27, Boston 
(July) 

Advanced Neuroradiology Seminar, Oct. 26-28, Orlando, FL (June) 
Advanced Imaging of the Musculoskeletal System, Oct. 28-29, 
Coronado (San Diego), CA (June) 

San Diego Postgraduate Course, Oct. 30-Nov. 3, Coronado (San 
Diego) (July) 

Obstetrics and Gynecology, Oct. 30-Nov. 3 and Dec. 4-8, Phila- 
deiphia (Sept) 

International Seminar of Medical Imaging, Oct. 30-Nov. 5, Shatin, 
Hong Kong, the New Territories (May) 

Interventional Radiology, Nov. 3-5, Coronado (San Diego) (July) 
New Orleans Fall Radiology Conference, Nov. 6-8, New Orleans 
(Sept) 

Diagnostic Radiology Seminar in Hawaii, Nov. 6-10, Maui, HI (Sept) 
Magnetic Resonance Imaging: Techniques and Imaging Method- 
ology, Nov. 6-10, Philadelphia (Sept) 

Color Doppler Ultrasound, Nov. 13, Philadelphia (Sept) 

Abdominal Ultrasound, Nov. 13-16, Philadelphia (Sept) 

3-D Imaging in Medicine, Nov. 16-19, San Diego (Aug) 

Prostate Ultrasound, Nov. 17, Philadelphia (Sept) 

Advances in Chest, Interventional, and Ultrasound, Nov. 25—Dec. 
10, South America (Caracas, Isla Margarita, Manaus, Recife, Rio de 
Janeiro, Buenos Aires, and Bariloche) (March) 

Advanced Seminars in Diagnostic Imaging, Dec. 8-10, Laguna 
Niguel, CA (July) 

CT and MRi—Head to Toe, Dec. 11-16, New York (Sept) 

MR Imaging Seminar, Dec. 14-16, New York (Sept) 

Genitourinary Radiology, Dec. 15-17, Scottsdale, AZ (Aug) 
Thoracic Imaging ’90, Jan. 7-11, 1990, Naples, FL (Sept) 

Society of Gastrointestinal Radiologists Annual Meeting and Post- 
graduate Course, Jan. 14-19, 1990, Hawaii (Sept) 

Diagnostic Radiology Seminar in Ixtapa, Mexico, Jan. 22-26, 1990, 
Ixtapa, Mexico (Sept) 

Midwinter Radiological Conference, Jan. 26-28, 1990, Los Angeles 
(Sept) 

Coronary Atherosclerosis: New Diagnostic and Therapeutic Ap- 
proaches, Jan. 28-Feb. 1, 1990, Orlando, FL (Sept) 

Mid-Pacific Radiological Conference, Jan. 30—Feb. 3, 1990, Maui, 
HI (Sept) 

XV Interamerican Congress of Radiology, Feb. 11-16, 1990, Ca- 
racas, Venezuela (Aug) 

international Conference on Gallstones and Their Management, 
Feb. 25-28, 1990, Jerusalem, Israel (May) 

Interventional Radiology in Cardiovascular Pathology, Feb. 28- 
March 2, 1990, Toulouse, France (Aug) 

Congress of the European Federation of Societies for Ultrasound 
in Medicine and Biology, May 6-11, 1990, Jerusalem, Israel (May) 





AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office. 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 








Books Receivec 


Receipt of books is ackmowledged as a courtesy to the sender. Books 
considered of sufficient interest are reviewed as space permits. If the book has 
been reviewed in the AJR, the date of its review is given in parentheses. 


Imaging in Clinical Practice. By Alan G. Chalmers, James H. Mc- 
Killop, and Philip J. A. Repinson. Dobbs Ferry, NY: Sheridan House, 
340 pp., 1938. $35, softcover (7/89) 


Practical Ultrasound. Ecited by R. A. Lerski. Washington, DC: IRL 
Press,.255 op., 1988. $59, softcover; $76, hardcover (7/89) 


Cerebral Vascular Disease in Children and Adolescents. Edited 
by Michael 5. B. Edwards and Harold J. Hoffman. (Part of the series 
Current Neurosurgical Practice. Series editcr: Charles B. Wilson.) 
Baltimore: Wiliams & Wilkins, 480 pp., 1989. $99.50 (7/89) 


interventional Radiology in Bone and Joint. Edited by Michel Bard 
and Jean-Denis Laredo. New York: Springer-Verlag, 273 pp., 1988. 
$179.50 (7/39) 


MRI Physics for Physicians. By Alfred L. Horowitz. New York: 
Springer-Verlag, 113 pp.. 1989. $19.50 (7/89) 


Computed Tomography of the Lung. An Approach Based on Signs. 
By S. Galluzzi, C. Ruffaio, and L. Forzini. Padua: Piccin, 186 pp., 
1988. (7/89 


The Radiologic Clinics of North America. Radiology of the Pan- 
creas. Guest Editor: Patrick C. Freeny. Philadelphia: Saunders, Jan- 
uary 1989;27(1):1-193. 325; by subscription, 6 issues annually for 
$93 (7/89) 


The Use of Gd-DTPA ir the Central Nervous System. By Murray 
Solomon. (videotape 2 ef Murray Solomon’s Magnetic Resonance 
Video Review.) Burlingame, CA: Murray Solomon's MRVR, (415) 
692-8230, 1989. Single tape, $125; series of 6 tapes, $495 (7/89) 


Basic Physics for Medical Imaging. By Edwin G. A. Aird. Stoneham, 
MA: Butterworths, 262 po., 1988. $49.95 (7/89) 


Radiologic Oncology of the Abdomen and Pelvis. An Atlas and 
Text. Edited by Ali Shirkhoda. Chicago: Year book Medical, 1374 
pp., 1988. $195 (7/89) 


Basic Physics for Medical Imaging. By Edwin G. A. Aird. Oxford, 
United Kingdom: Heinemann, 262 pp., 1988. £17.50, softcover (8/ 
89) 


Imaging of the Newborn, Infant, and Young Child. 3rd ed. By 
Leonard E. Swischuk. Ba'timore: Williams & Wilkins, 1053 pp., 1989. 
$136.95 (8/89) 


Computed 3ody Tomography. With MRI Correlation, 2nd ed. Edited 
by Joseph X. T. Lee, Stuart S. Sagel, and Robert J. Stanley. New 
York: Raven, 1184 pp., 1989. $140 (8/89) 


Endoscopic Ultrasonog:aphy in Gastroenterology. Edited by Kei- 
ichi Kawai. New York: Igeku-Shoin, 161 pp., 1988. $65 (8/89) 


Radiology of the Esophagus. By Marc S. Levine. Philadelphia: 
Saunders, $73 pp., 1989: $95 (8/89) 


Renal Cystic Disease. 3y David S. Hartman. (Fascicle 1 of AFIP 
Atlas of Radiologic-Patrologic Correlations. Series editor: Alan J. 
Davidson.) Philadelphia: Saunders, 160 pp., 1989, $50 (8/89) 


Biliary Lithotripsy. Editee by Joseph T. Ferrucci, Michael Delius, and 
H. Joachim Burhenne. Caicago: Year Book Medical, 309 pp., 1989. 
$85 (8/89) 


Enhanced Magnetic Resonance Imaging. Edited by Val M. Runge. 
St. Louis: Mosby, 356 pp., 1989. $69 (8/89) 


Key Anatomy for Radioiogy. By Simon Westacott and John R. W. 
Hall. Oxford, United Kingeéiom: Heinemann, 227 pp., 1988. £17.50 (8/ 
89) 


Correlative imaging. Nuclear Medicine, Magnetic Resonance, Com- 
puted Tomography, Ultrasound. By Martin P, Sandler, James A. 
Patton, Max |. Shaff, Thomas A. Powers, and C. Leon Partain. 
Baltimore: Williams & Wilkins, 660 pp., 1989. $110 (8/89) 


Atlas of Film-Screen Mammography. By Ellen Shaw de Paredes. 
Baltimore: Urban & Schwarzenberg, 364 pp., 1989. $108 (8/89) 


Quantitative Methods in Bone Densitometry. By Alan L. Huddles- 
ton. Boston: Kluwer, 217 pp., 1988. $90 (8/89) 


Appropriate Diagnostic Technology in the Management of Cardi- 
ovascular Diseases. Report of WHO Expert Committee (Technical 
Report Series, No. 772). Geneva: World Health Organization, 41 pp., 
1988. $4.80 (8/89) 


Radiology of the Esophagus. By Dieter N. Hüpscher. New York: 
Thieme, 121 pp., 1988. $65 (8/89) 


Computed Tomography of the Abdomen in Adults. 85 Radiological 
Exercises for Students and Practitioners. By A. Wackenheim and A. 
Badoz. (Translated by Marie-Therese Wackenheim.) New York: Sprin- 
ger-Veriag, 159 pp., 1988. $19.50 (9/89) 


Magnetic Resonance Imaging. 2nd ed.; vol. 1, Clinical Principles. 
By C. Leon Partain, Ronald R. Price, James A. Patton, Madan V. 
Kulkarni, and A. Everette James, Jr. Philadelphia: Saunders, 967 pp., 
1988. $400/2-vol. set (9/89) 


Endovaginal Ultrasound. By Steven R. Goldstein. New York: Alan 
R. Liss, 175 pp., 1988. $55 (9/89) 


Diagnostic Imaging of the Acute Abdomen. A Clinico-Radiologic 
Approach. By Dieter Beyer and Ulrich Médder. (Transiated by Terry 
C. Telger.) New York: Springer-Verlag, 445 pp., 1988. $130 (9/89) 


Atlas of Duplex Scanning. Carotid Arteries. By John J. Cranley, 
William S. Karkow, and E. Douglas Baldridge, Jr. Philadelphia: Saun- 
ders, 352 pp., 1989. $125 (9/89) 


Digital Subtraction Imaging in Infants and Children. Edited by Eric 
N. Faerber. Mount Kisco, NY: Futura, 193 pp., 1989. $42 (9/89) 


Applied Pathology for Radiographers. By Paul F. Laudicina. Phila- 
delphia: Saunders, 326 pp., 1989. $32.95 (9/89) 


General Thoracic Surgery. 3rd ed. Edited by Thomas W. Shields. 
Philadelphia: Lea & Febiger, 1251 pp., 1989. $150 (9/89) 


Catalog of Prenatally Diagnosed Conditions. By David D. Weaver. 
Baltimore The Johns Hopkins University Press, 251 pp., 1989, $45 


Measurements of Radon and Radon Daughters in Air. (NCRP 
Report Ne. 97.) Bethesda, MD: National Council on Radiation Protec- 
tion and Measurements, 174 pp., 1988. $15 


The Radiologic Clinics of North America. Hyperthermia. Guest 
Editor: Richard A. Steeves. Philadelphia: Saunders, May 1989; 
27(3):401-630. $25; by subscription, 6 issues annually for $93 


Biood Flow in the Brain. Edited by W. J. Angerson, C. D. Sheldon, 
J. C. Barbenel, A. C. Fisher, and J. D. S. Gaylor. New York: Oxford 
University Press, 138 pp., 1989. $49.95 


Biood Flow in Artificial Organs and Cardiovascular Prostheses. 
Edited by J. C. Barbenel, A. C. Fisher, J. D. S. Gaylor, W, J. Angerson, 
and C. D. Sheldon. New York: Oxford University Press, 266 pp., 
1989. $75 


A Primer on Theory and Operation of Linear Accelerators in 
Radiation Therapy. By C. J. Karzmark and Robert J. Morton. Madi- 
son, WI: Medical Physics Publishing, 44 pp., 1989. $12 


Principles of Microsurgery for Lumbar Disc Disease. By John A. 
McCulloch. New York: Raven, 317 pp., 1989. $98 








American Roentgen Ray Society 90th Annua! Meeting 
May 13-18, 1990, Washington, DC 


Sheraton Washington Hotel 


Registration and Hote! Reservations 


Forms for advance registration and hotel reservations will be In the 
February and March 1990 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by December 1, 1989. Forms on which to submit ab- 
stracts are in this Issue of the AJA. The ARRS Program Committee 
will select papers and notify authors in early January. The AJR has 
first rights to all papers accepted for presentation at the ARRS meet- 
ing. Send abstract, application, and four copies of the abstract to 


M. Pau! Capp, M.D. 

c/o Paul R. Fullagar 

American Rosntgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Refresher Course Program 


A summary of the refresher courses wil appear in the AJR In Feb- 
ruary along with advance registration forms. Early registration is an 


advantage in assuring preferred courses in this popular program. Dr. 
J. T. Ferrucdi, Jr., is program director. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chalrman of Ex- 
hibits by December 1, 1989. Forms, which may be photocopied, are 
in this Issue of the AJA. Send completed form to 


John E. Madewell, M.D. 

The Pennsyivania State University 
The Milton S. Hershey Medical Center 
P.O. Box 850 

Hershey, PA 17033 

Telephone (717) 531-8044 


Caldwell Lecture 


Sandra Day O'Connor, U.S. Supreme Court Justice, will be giving 
the Caldwell Lecture. The title or her lecture and the date and time 
will be announced in a future issue of the AJR. 


Local Program 


A program of sightseeing, shopping, and entertainment will be de- 
veloped by the Local Arrangements Chairman, Dr. Abner M. Landry, 
Jr. Information and advance registration forms will be In the February 
issue of the AJR. 


Residents’ Award Papers 


The society offers several cas; awards for the best scientific pa- 
pers prepared by residents In rad ology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 16, 199C, for consideration in this competi- 
tion. Send entries to 


B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 
2451 Filfingim Street 

Mobile, AL 36617 


Deadlines 


Abstracts of papers: December 1, 1989 
Scientific exhibit proposals: December 1, 1989 
Residents’ Award papers: February 16, 1990 





"ADDRESS OF PRESENTING AUTHOR 

















| 
Call for Papers p J | 
American Roentgen Ray Society = tsi 7” 
1990 Annual Meeting: | Sraa ~ | 
May 13-18, 1990, Washington, DC œs Zip 
| Phone: : m 








Type title, authors, and abstract in the space provided below. (Instructions are on reverse side of this page. Abstract should not exceed 300 words.) 


Select one category: —_____Angio/interventional Breast 
Neuroradiology Skeletal -Sonography 


Chest CT 








Gastrointestinal Tract 











Genitourinary Tract MR. 








Projection Requirements: 








35 mm, single or doubie (circle one) 16 mm silent film Y2” VHS 44" 











Has this been presented elsewhere? yes 





no. If yes, please describe on reverse side of this page. 


900 


instructions for Scientific Abstracts 


1. Type the information single-spaced within the lines. Underline the 2. Abstracts should include four paragraphs devoted sequentially to 


name of the presenting author. Append as a last fine of the abstract the following topics: (1) object or purpose of the study, (2) mate- 
any research grant support, if applicable (e.g., Supported by rials, methods, and procedures, (3) results, (4) significance of the 
USPHS Grant HE-80144). If the abstract Is accepted, it will not be results and conclusions. The text should not exceed 300 words. 
proofread; It will appear exactly as typed. Use the following format: Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 
MR IMAGING OF THE SPINE AND NECK 3. The Program Committee will grade each abstract and determine 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A..Beck, Ph.D. acceptance. Further information wil be forwarded to those whose 
University of Caifomia, Bakersfield, Bakersfield, CA 92338 abstracts are accepted for presentation. 


Deadiine for submission of abstract is December 1, 1989. Mail abstract and two copies to 


M. Paul Capp, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 
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Call for Scientific Exhibits | FOR COMMITTEE USE ONLY 
American Roentgen Ray Society oo. ncceive Sets 
1990 Annual Meeting: T aalaamerentiiioams 
May 13-18, 1990, Washington, DC _ Feicted —_____ ee 


Assigned n Space No. 











Principal Exhibitor's Mailing Address 

















Name sereen ie a a aaa Institution —__ 
Department as Street Address —_.-____- oe City rat eee 
State core — Zip Code n ———— Telephone: #fice ( ) PME 











Names of Exhibitors (Lis: principal exhibitor first and telephone number of each person.) 





























Last First Middle Telephone Degree Member ARRS? 
(one only) 
TWE EEE MDE a a a a a i E EEE 





Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 


Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Sort of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 


—---Free-standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required — 





Poster Board (backboard panels). Backboard panels are 4 x 6 or 4 x 8 ft. (1.2 x 1.8 or 1.2 x 2.5 m). Number of panels required 
~ 4 X 6 or... 4 x 8. If two panels are needed, there will be a 14-in. frame separating the panels, thus requiring a separation in 
the presentation. 





—~-- Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required — . Slides should not be glass mounted. 


Audiovisual. 


Please Indicate Most Appropriate Category. 


Diagnostic Radiology 








---Bone ~ Cardiovascular System ____. Chest ______ Pediatric Radiology ___ Gastrointestinal Tract 
Genitourinary Tract — Neuroradiology ——— Mammography 
Other 
———Medical Physics .._.. Nuclear Medicine ______. Radiation Oncology —__. Radiobiology -_____. Sonography 
Has the exhibit been shown in whole or in part at any previous meeting? _____ (Previous display does not preclude acceptance.) 
If so,where? nn MaE as Sa Ea wes eens _When? niae 2 Ree een 





Nature of meeting or name of society —____ apank git Oe = Se satel ENE 





Signature of Principal Exhibitor __ z a eee 


Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than December 1, 1989. Mail original and five copies to 


John E. Madewell, M.D. 

The Pennsylvania State University 
The Milton S. Hershey Medical Center 
P. O. Box 850 
Hershey, PA 17033 


Telephone: (717) 531-8044 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Informatior 











Officers 


President: Ronald G. Evens 

President-elect: M. Paul Capp 

1st Vice-president: John A. Kirkpatrick, Jr. 

2nd Vice-president: A. Everette James, Jr. 

Secretary: Glen W. Hartman 

Treasurer: Beverly P. Wood 

Executive Council: R. J. Alfidi, R. N. Berk, B. G. Brogdon, 
M. P. Capp, W. J. Casarella, R. G. Evens, J. T. Ferrucci, Jr., 
R. A. Gagliardi, G. W. Hartman, J. A. Kirkpatrick, Jr., A. 
Landry, Jr., G. R. Leopold, J. E. Madewell, A. A. Moss, L. F. 
Rogers, J. H. Thrall, K. H. Vydareny, B. P. Wood, A. K. 
Poznanski, chairman 


Committees 


Editorial Policy: R. N. Berk, S. V. Hilton, C. A. Rohrmann, 
Jr., S. S. Sagel, R. J. Stanley, J. M. Taveras, N. O. Whitley, 
W, J. Casarella, chairman f 


Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, W. M. Thompson, B. G. Brogdon, chairman 


Finance and Budget: R. J. Alfidi, R. C. Gedgaudas-McClees, 
G. R. Leopold, J. R. Taornbury, J. Thrall, chairman 


Nominating: R. A. Gagliardi, N. O. Whitley, R. J. Alfidi, chair- 
man 


Publications: C. A. Rehrmann, Jr., S. S. Sagel, R. J. Stanley, 
N. O. Whitley, W. J. Casarella, chairman 


Membership: R. J. Alfidi, A. A. Moss, K. H. Vydareny, G. R. 
Leopold, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 


American College of Radiology: R. A. Gagliardi, G. A. Kling, 
J. E. Madewell, L. F. Rogers 


American Medical Association House of Delegates: S. F. 
Ochsner, K. L. Krabbenhoft, alternate 
































American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Mea 
surements: H. L. Friedell, E. L. Saenger 


Meeting Arrangements 


Annual Meetings: May 13-18, 1990, Sheraton Washington 
Washington, DC; May 5-10, 1991, Sheraton Boston, Bostor 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, G 
P. Janetos, R. R. Lukin, A. Landry, Jr., chairman 


Instruction Courses: R. J. Stanley, associate chairman, J. T 
Ferrucci, Jr., chairman 


Scientific Program: R. J. Alfidi, E. Buonocore, D. O. Davis 
K. B. Hunter, T. C. McLoud, W. A. Murphy, Jr., A. E. Robin: 
son, L. B. Talner, J. H. Thrall, M. P. Capp, chairman 


Scientific Exhibits: R. J. Churchill, A. A. Moss, R. G. Ramsey 
J. E. Madewell, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal 
For consideration at the 1990 ARRS meeting, send completec 
forms before February 1, 1990, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board ot 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists whc 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091: (703) 
648-8900 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of x-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 


The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 


The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 
Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shail actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 


2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 
3. Application fee is $50 (payable when billed for dues). 


4. Annual dues are $125, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 
election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 


3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shail be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
status. 


4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenofogy and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 
1. Do not remit application fee or dues until requested. 
2. Send completed forms to: American Roentgen Ray Society 


1891 Preston White Drive 
Reston, Virginia 22091 


DETACH HERE 
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DETACH HERE 


For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd —_______ APPLICATION FOR MEMBERSHIP 


pO 
LD.# 














Date: Category of Membership: O Active 
(Check One) O Corresponding 
o In-Training 


Name {Please Print) — m Degree(s) 





First Initial Last 
Mailing Address es Date of Birth 
Street/Box 
Telephone ( ) reece seer 
City/State/Country Zip Code 


aeann tet CAC A LTCC CL NCL LLL LL LCCC CCC CLL LCT 


A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate; — n m 
et ct st ee a a 
Graduate (Medical School, Graduate School, etc.): 
Sa SS ies ee ers OR ee 
cage te ie Net a ei te 58S re i 


Postgraduate ‘Internship, Residency, Fellowship, etc.): 


SOSEO 








ee a G a CERNE eR OP ee Ra 
B. Licensure: 


Licensed to practice i LT since 
(Type) (State, Province, etc.) 





C. Appointments/Memberships: (in-Training applicants: skip to Section F on reverse.) 





Present Appointments: Academic 











Hospitals 





Memberships-in Scientific Societies: 








Offices or Committee Assignments: 








Government Service (Military or Civilian) 
(Position) (Years) 








D. Credentials: 
| hereby certify that | was issued a certificate of qualification in 
(Specialty) 


in éby the 
(Year) (Name of Qualifying Board) 


Other Credentials: 





Signature: 








E. References: 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 





Name (Please Print) 1.002 ea A2 
Address 
Signatures: 
F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 


| certify that | am serving as a Resident/Fellow in 





(Specialty) 


at ee TT.s=CDaatte program began (begins): 
(Name of Institution) 


date program to end: Cs nderstand that in-training membership is limited to a 








maximum of 5 years. 


Applicant Signature: 
Verification: (Program Director or Department Chairman only) 


I certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 





Signature 





Send completed form to: | American Roentgen Ray Society 
1891 Preston White Drive 


ama 


Classified Advertisements 


Positions: Available 


PACIFIC NORTHWEST—Extraerdinary oppor- 
tunity for BC diagnostic radiolog:st interested in 
joining private, office-based practice in Seattle 
suburb. Expertise and interest CT and ultra- 
sound required. Address inquiries, including CV 
to Harold Shuiman, M.D., Talbo: Rd. Radiology, 
4300 Talbot Rd. S., Renton, WA 98055; 
(206) 228-6008. 70a. 


OPPORTUNITY FOR YOUNG, WELL-TRAINED, 
AGGRESSIVE RADIOLOGIST 2 join 5-person 
group in a small, midwestern city near St. Louis. 
Excellent equipment including mobile MRI. Com- 
petitive salary ‘eading to early partnership. Reply 
to Box U40, Au'R (see address this section). 10xap 


ANDREWS, LYNCH & FIELD, RADIOLOGISTS, 
P.A., a 15-radialogist group based in Bangor, ME, 
is currently working with 2 hospitals in coastal 
“Downeast” Maine to recruit radiologists. The 
hospitals, located in Calais ard Machias, are 
90 mi. from Bangor in areas neted for outdoor 
recreation, natural beauty, and « slower pace of 
life. Each hosw#ital has R/F, ultrasound, and new 
dedicated mammography units and will begin to 
receive mobile CT and nuclear madicine services 
in the near future, Wide flexibilily exists in prac- 
tice arrangements to meet the needs of the radi- 
ologists, and ‘he goal of the hospitals to secure 
stable, long-term radiologist support. If you would 
like to learn more about these opportunities, con- 
tact Peter Holman, Administrator. Andrews, Lynch 
& Field, Racicicgists, PA., 276 State St., Bangor, 
ME 04401, (297) 945-6877. 10a» 


STAFF RADIQLOGIST—The Cc'mery-O’Neil VA 
Medical Center, Topeka. KS, is recruiting for a 
board-certified radiologist to work with 2 staff 
radiologists ima modern diagnostic imaging dept. 
Activities include routine radiography, fluoroscopy, 
limited angiegraphy, CT, ulteasound, percu- 
taneous biopsy, and PTC. This 409-bed medical 
center is affiliated with the Ora’ Roberts School 
of Medicine which provides physicians with 
teaching opsoriunities. An excellent school 
system, several universities withim a 60-mi. radius, 
and a wide variety of cultural anc recreational pro- 
grams are available. Federal benefit package 
includes liberal holiday and ‘save programs, 
malpractice insurance coverage.zand tax-deferred 
retirement oetions. Please sand inquiries to 
Harold M. Veth. M.D., Chief af Staff (11), VA 
Medical Center, 2200 Gage Bivd., Topeka, KS 
66622. EOE. 19a 


BODY IMAGER—We are seekimg a board-certi- 
fied radiologist with postgraduate training and ex- 
perience in kody imaging, CT, altrasound, MRI, 
and interventional radiology. Experience in mam- 
mography is desirable. This 55D-bed hospital is 
in an attractive suburban setting 25 mi. from 
New York City with university-affliated residency. 
Negotiable terms leading to ‘ull partnership. 
Please send CV to P. E. Moriarty, M.D., 151 Sum- 
mit Ave., Summit, NJ 07901. 19-12ap 


FULL- AND BART-TIME DIAGNDSTIC RADIOL- 
OGIST positiens available immediately at the VA 
Medical Center, Allen Park, MI. Ail modalities ex- 
cept MR avaitabie. Dept. is actively affiliated with 
the Wayne State University College of Medicine's 
radiology residency rotation program. Flexible 
schedules avaitable for part-trme radiologists. 
Must be boacd-certifled/eligibleewith licensure in 
any state. Salary $80,000-$90.300 for full-time, 
depending or qualifications. Liberal vacation time 
(30 days/yr). 3icx leave (13 days/yr) and medical 
education leave. Contact L. Jean Bronn, M.D., 
Chief, Diagnestic Radiology Service, VA Medical 
Center, Soutsfieid & Outer Dr. Allen Park, MI 
48101; (313) 362-6000, ext. 3255. Equal opportu- 
nity employe: 10a 


DIAGNOSTIC RADIOLOGIST—BC radiologist 
interested in group practice in central Maine. Can- 
didates must have strong diagnostic skills in R/F, 
CT, ultrasound, and mammography. The 52-bed 
hospital is located in a beautifu! rural community 
35 mi. from Bangor. Radiologist will be supported 
by 15-member, Bangor-based group. Partnership 
is offered after completion of 3 yr employment. 
Liberal vacation and CME leave, and outstanding 
fringe benefits are included. Contact Peter 
Holman, Administrator, Andrews, Lynch & Field, 
Radiologists, PA., 276 State St., Bangor, ME 
04401; (207) 945-6877. 10ap 


THE ABDOMINAL SECTION OF EMORY UNI- 
VERSITY, DEPT. OF RADIOLOGY, is seeking an 
abdominal radiologist. The position is an exciting 
opportunity for an individual with teaching, clini- 
cal, and/or research interest. The individual will 
have access to state-of-the-art equipment in fluor- 
oscopy, ultrasound, CT, and MRI. Interested can- 
didates should contact Michael E. Bernardino, 
M.D., Professor of Radiology, Director, Abdominal 
Division and Magnetic Resonance Imaging, Dept. 
of Radiology, Emory University Hospital, 1364 Clif- 
ton Rd., N.E., Atlanta, GA 30322. Emory Univer- 
sity is an equal opportunity/affirmative action 
employer. 10-12a 


FACULTY NEURORADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital and Jefferson Medical College, 
Philadelphia, will have a new faculty neuroradi- 
ology position available July 1, 1990. This is due 
to rapid growth in our neuro/ENT division and the 
opening of 3 additional MRI units by that date. Jef- 
ferson has very large and active neurology, neuro- 
surgery, and ENT clinical services, as well as 
strong commitments to research and teaching. 
Our Neurosciences Imaging Center includes 
angio, myelography, CT, and MRI units together 
in a discrete area of the dept. The current neuro/ 
ENT division includes 5 full-time faculty and 4 
fellows. Candidates can be either at the junior or 
senior level; rank and compensation will be deter- 
mined by previous experience. Excellent salary 
and benefits are provided. Contact David C. Levin, 
M.D., Chairman, Dept. of Radiclogy, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/affirmative 
action employer. 10xa 


DIAGNOSTIC RADIOLOGISTS—Roswell Park 
Memorial institute (RPMI) is seeking board-certi- 
fied radiologists with special interest in gastro- 
intestinal imaging, including barium radiography, 
CT, and ultrasound. At this renowned comprehen- 
sive cancer center, currently entering a period of 
renewed growth, opportunity for research and 
academic activity is outstanding. A faculty 
appointment at the School of Medicine and Bio- 
medical Sciences, SUNY at Buffalo, depends on 
professional qualifications. CV should be sub- 
mitted to Andrew A. Gage, M.D., Roswell Park 
Memorial Institute, Elm and Carlton Sts., Buffalo, 
NY 14263. RPMI is an affirmative action/equal 
opportunity employer. 10a 


DIAGNOSTIC RADIOLOGISTS—Roswell Park 
Memorial institute (RPMI) is seeking board-certi- 
fied radiologists with special interest in CT/MRI. 
At this renowned comprehensive cancer center, 
currently entering a period of renewed growth, 
opportunity for research and academic activity is 
outstanding. A faculty appointment at the School 
of Medicine and Biomedical Sciences, SUNY at 
Buffalo, depends on professicnal qualifications. 
CV should be submitted to Andrew A. Gage, M.D., 
Roswell Park Memorial Institute, Elm and Carlton 
Sts., Buffalo, NY 14263. RPMI is an affirmative 
action/equal opportunity empioyer. 10a 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academically oriented radiologists for several divi- 
sions of the dept.: ultrasound, CT and/or MRI, in- 
terventional radiology, chest radiology, 
neuroradiology, and general diagnostic radiology. 
Our dept. offers a fully accredited residency pro- 
gram with 16 residents and 16 attending full-time 
staff. Numerous consultants from across the 
country lecture on a continuing and regular basis. 
The hospital is a modern, tertiary-care center ser- 
vicing Hawaii and the entire Pacific basin. A 
strong residency program, a diverse and in- 
teresting patient population, excellent equipment, 
and a tropical lifestyle are positive aspects of the 
practice. Academic credentials and/or experience 
are necessary. Recently graduated fellows are 
encouraged to apply. Board certification is man- 
datory. Candidates should be particularly inter- 
ested in patient care, teaching, and research. 
Salary and benefits are competitive and gener- 
ous. Tripler is an EO/EEO employer. Please con- 
tact Dr. Mark F. Hansen, Col, MC, Chief, Dept. of 
Radiology, TAMC, HI 96859-5000; (808) 433-6393, 
10a 


RADIOLOGISTS—New York City combined 
private radiology practice and fee-for-service hos- 
pital practice has an immediate opening for 2 
BC/BE radiologists with experience in CT, ultra- 
sound, and interventional radiology. In addition, 
MRI and mammography experience is preferred. 
This well-established practice has 3 private offices 
on the upper east side of Manhattan as well as 
operations in 3 hospitals in Manhattan. Other 
studies performed in the practice are diagnostic 
radiology, nuclear imaging, and vascular duplex 
imaging. The practice continues to expand in all 
imaging modalities with its recent opening of a 
second state-of-the-art MRI unit. Excellent benefit 
package includes health, life, disability, and 
malpractice insurance, profit-sharing plan, contin- 
uing medical education, and a travel and enter- 
tainment account for professional use. Send CV 
to Box U48, AJR (see address this section). 10ap 


IMMEDIATE OPENING FOR BC/BE RADIOLO- 
GIST to join 6 radiologists in practice at 300-bed, 
teaching hospital in greater Boston area. Should 
have some interest in special procedures and 
interventional procedures. Salary negotiable, 
leading to partnership. Send CV to Herbert D. 
Weintraub, M.D., Framingham Union Hospital, 
415 Lincoin St., Framingham, MA 01701; 
(508) 626-3525. 10-1ap 


BELOIT, Wi—Three board-certified radiologists 
seek a fourth for a dynamic diagnostic and inter- 
ventional practice in a community hospital, multi- 
specialty clinic, and private office. All imaging 
modalities are represented. The hospital is affili- 
ated with the University of Wisconsin. Beloit is on 
the Illinois-Wisconsin state line not far from Mad- 
ison, Milwaukee, and Chicago. Write or call 
Thomas J. Lisk, M.D., Beloit Radiology, Ltd., 1969 
W. Hart Rd., Beloit, WI 53511; (698) 364-5266 or 
(815) 623-6010. An excellent opportunity. 10-tap 


KENNER ARMY COMMUNITY HOSPITAL, a 
120-bed facility, is seeking a second full-time, 
board-certified/eligible radiologist trained in ultra- 
sound, mammography, CT, and general radiology. 
The dept. consists of 5 examination rooms, 10 
technicians, support staff, and modern equip- 
ment. Located on Fort Lee in Petersburg, VA, the 
hospital is situated 25 min south of Richmond and 
within 3 hr of historic Williamsburg, Washington, 
DC, and Virginia Beach. Paid vacation, salary 
negotiable. Submit inquiries tc Lt. Col. Gayle 
Humm, Deputy Commander for Clinical Services, 
Kenner Army Community Hospital, Fort Lee, VA 
23801; (804) 734-5058. Fort Lee is an equal oppor- 
tunity employer. 10a 
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DIAGNOSTIC RADIOLOGIST—Eight board-cer- 
tified radiologists in expanding, hospital-based, 
private practice seek BC/BE general radiologist 
to associate. Competence in all modalities ex- 
pected, with need for interventional and/or MRI 
training emphasized. Opportunity in midwestern 
city of 72,000 people offers generous compensa- 
tion/vacation. Full partnership after 2 yr. Reply to 
Box U44, AJR (see address this section), 10-1a 


THE SECTION OF URORADIOLOGY, DEPT. OF 
RADIOLOGY, HOSPITAL OF THE UNIVERSITY 
OF PENNSYLVANIA, is seeking a third, full-time 
Staff uroradiologist to join its faculty in Aug. or 
Sept. 1990. Although experience in diagnostic 
and interventional uroradiology is preferable, con- 
sideration will be given to less experienced 
radiologists anxious for a career in academic uro- 
radiology. For further information, contact Howard 
M. Pollack, M.D., Section of Uroradiology, Dept. 
of Radiology, Hospital of the University of Penn- 
sylvania, 3400 Spruce St., Philadelphia, PA 
19104; (215) 662-3278. 10a 


DIAGNOSTIC RADIOLOGY, PLYMOUTH, MA— 
Successful group of 4 radiologists in seacoast 
community 40 mi. south of Boston seeks compati- 
ble fifth diagnostic radiologist for July 1990. Busy 
Practice at hospital and offices includes all 
modalities. We week an excellent general radiol- 
ogist with expertise in MRI/neuro. At least 6 mo 
full-time MRI experience is necessary. Excellent 
benefits and vacation leading to full partnership. 
Please send letter of inquiry with CV to D. 
Dougherty, M.D., or R. Goldberg, M.D., 139 Sand- 
wich St., Plymouth, MA 02360. 10-12ap 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for a board-certified/eligible general 
diagnostic radiologist at the VA Medical Center, 
Atlanta, GA. Must be proficient in body CT, ultra- 
sound, and related interventional procedures. We 
offer a full range of federal employee benefits. 
Qualified applicants will receive a clinical faculty 
appointment at the Emory University Medical 
School. For further information, call Jeanie 
McCleary at (404) 728-7637 or write VA Medical 
Center, 1670 Clairmont Rd., Atlanta (Decatur), GA 
30033. EOE. 10-11a 


THE RADIOLOGY DEPT., University of Massa- 
chusetts Medical Center, is seeking a full-time 
radiologist with interest in trauma, emergency 
room, and musculoskeletal radiology. The 
Medical Center is a 370-bed university hospital 
and medical schoo! located in Worcester, MA, 
approximately 40 mi. west of Boston. The dept. 
consists of 19 clinical staff, 12 residents, and 3 
fellows and does approximately 120,000 exams/yr. 
The dept. is well-equipped with 2 fourth-genera- 
tion CT scanners, two 1.5-T GE MR scanners, and 
a 2.0-T small-bore unit for animal research. The 
hospital is a major trauma center and is serviced 
by 2 Life Flight helicopters. The candidate must 
be board-eligible/certified and have a clinical 
background in skeletal radiology. Please send 
CV/requests to Dr. Edward H. Smith, Chair, Dept. 
of Radiology, University of Massachusetts Medi- 
cal Center, 55 Lake Ave. N., Worcester, MA 01655. 
The University of Massachusetts Medical Center 
is an equal opportunity employer. 10a 


PACIFIC NORTHWEST—Ten-member, hospital- 
based group seeks 2 radiologists (a fellowship- 
trained chest radiologist and a general radiologist 
with optional fellowship training) for a modern, 
625-bed, tertiary-care medical center and on- 
campus office practice in Spokane, WA, a pro- 
gressive community with outstanding recreational 
opportunities. Forward inquiry or CV to Hal Holte, 
M.D., Dept. of Radiology, Sacred Heart Medical 
Center, W. 101 - 8th, Spokane, WA 99204: 
(509) 455-3352 or 455-3330. 10xap 


CLASSIFIED ADVERTISEMENTS 


DIRECTOR, DIAGNOSTIC RADIOLOGY—Ros- 
weil Park Memorial institute (RPMI) is seeking a 
board-certified radiologist to serve as director of 
the Dept. of Diagnostic Radiology. Substantial 
academic credentials and an interest in research 
are highly desired. At this renowned comprehen- 
sive cancer center, currently entering a period of 
renewed growth, opportunity for research and 
academic activity is outstanding. A faculty 
appointment at the School of Medicine and Bio- 
medical Sciences, SUNY at Buffalo, is associated 
with the appointment. CV should be submitted to 
Andrew A. Gage, M.D., Roswell Park Memorial 
Institute, Elm and Carlton Sts., Buffalo, NY 14263. 
RPMI is an affirmative action/equal opportunity 
employer. 10a 


NEW ORLEANS RADIOLOGY GROUP seeks 
board-certified radiologist interested in part-time 
position. No angiography is required. Long-term 
commitment is desired. Responsibilities include 
general radiography, mammography, CT, and 
ultrasound. Ideal practice situation for a semi- 
retired radiologist. Send CV to Harold R. 
Neitzschman, M.D., 440 General Meyer Ave., Ste. 
211, New Orleans, LA 70131. 10-12ap 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8-10ap 


DIAGNOSTIC RADIOLOGIST, ABDOMINAL 
IMAGING—The University of Missouri-Columbia 
Hospital and Clinics is seeking a radiologist with 
expertise in abdominal imaging (GI, CT, ultra- 
sound, and MRI). Board certification required. 
Fellowship desirable. Tenured and nontenured 
tracks available at assistant and associate pro- 
fessor levels. Address inquiries to Robert J. 
Churchill, M.D., Dept. of Radiology, University 
of Missouri-Columbia Hospital and Clinics, One 
Hospital Dr., Columbia, MO 65212. An equal 
Opportunity/affirmative action employer. 9-12a 


NEURORADIOLOGIST—The University of 
Missouri-Columbia Hospital and Clinics is seek- 
ing a second neuroradiologist. Board certification 
required. Junior or senior member of ASNR. 
Tenured and nontenured tracks available at assis- 
tant and associate professor levels. Address 
inquiries to Robert J. Churchill, M.D., Dept. 
of Radiology, University of Missouri-Columbia 
Hospital and Clinics, One Hospital Dr., Columbia, 
MO 65212. An equal opportunity/affirmative 
action employer. 9-12a 


NEURORADIOLOGIST—A position is available 
in the Dept. of Radiology, at the University of 
Rochester Medical Center, Strong Memorial 
Hospital, a 750-bed tertiary-care facility. An ap- 
pointment as assistant professor or higher is 
available at a level appropriate to experience. 
A fellowship is required. Research and teaching 
opportunities are available in a strong academic 
dept. with state-of-the-art radiologic equipment. 
Send CV to Daniel K. Kido, M.D., Diagnostic 
Radiology, Box 648, University of Rochester 
Medical Center, Rochester, NY 14642. EO/AA/M-F 
employer. 9-11a 


VASCULAR RADIOLOGIST—Board-certified vas- 
cular radiologist to join dept. in a university- 
affiliated hospital in western Pennsylvania. Appli- 
cant should have fellowship training or past 
residency experience in vascular and interven- 
tional procedures. The radiologists are organized 
as a professional corporation offering excellent 
salary and fringe benefits. Send inquiries and CV 
to Radiologist-in-Chief, Montefiore Hospital, 3459 
Fifth Ave., Pittsburgh, PA 15213. 9-12ap 
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PEDIATRIC RADIOLOGIST—The University of 
Rochester Medical Center, Strong Memorial 
Hospital, a 750-bed tertiary-care facility has an 
opening within the Pediatric Section of the Dept. 
of Radiology. State-of-the-art equipment, a high 
volume of neonatal and oncology work, research, 
and teaching opportunities are available in a 
strong academic dept. Faculty rank depends on 
qualifications. Send CV to Robert E. O'Mara, 
M.D., Chairman, Dept. of Radiology, Box 648, 
University of Rochester Medical Center, 
Rochester, NY 14642, EO/AA/M-F employer. 
9-11a 


DIAGNOSTIC RADIOLOGIST WITH SPECIAL 
INTEREST IN ANGIOGRAPHY AND INTERVEN- 
TIONAL RADIOLOGY—The Dept. of Radiology at 
The University of Texas Medical Schoo! at 
Houston has an immediate opening for an ex- 
perienced interventionist/angiographer with 
Strong interest in patient care and teaching. 
Research interest and experience are important, 
but not essential. While the principal respon- 
sibilities will be in intervention/angiography, there 
will be an opportunity to be involved in other 
Clinical areas of the candidate's interest. The posi- 
tion will include teaching at the medical student 
and resident levels. Candidate must be a diplo- 
mate of the American Board of Radiology and 
have completed at least a 1-yr interventional/ 
angiography fellowship, have a Texas state med- 
ical license, and have had at least 1 yr post- 
fellowship experience. Candidates with the 
qualifications for a senior assistant professor or 
associate professor appointment are preferred. 
Academic rank and salary will be commensurate 
with qualifications. Please submit CV, along with 
the names and addresses of 3 references to 
John H. Harris, Jr., M.D., Dept. of Radiology, The 
University of Texas Medical Schoo! of Houston, 
6431 Fannin St., Ste. 2.132, Houston, TX 77030. 
The University of Texas Health Science Center 
at Houston is an equal opportunity employer. 
Women and minorities are encouraged to apply. 
9-12a 


TWO DIAGNOSTIC RADIOLOGISTS—Four- 
person, private practice group seeks 2 BC/BE 
radiologists with expertise in CT, angio/inter- 
ventional, ultrasound, and mammography. MRI/ 
neuro/trauma experience helpful. Practice in- 
cludes 225-bed private hospital plus 2 smaller 
hospitals. University affiliation, some teaching. 
Duluth is a pleasant northern community which 
combines proximity to outdoor recreation with the 
advantages of a small urban center. Competitive 
salary/fringes leading to early partnership. Send 
CV or call F. Ekberg, M.D., 915 E. 1st St., Duluth, 
MN 55805; (218) 726-5222. 9-11ap 


SOUTH FLORIDA, IMMEDIATE OPENING— 
Rapidly expanding, 10-person group with 3 
hospitals, MRI center, and imaging office desires 
an additional well-trained radiologist. Interven- 
tional radiology fellowship and/or equivalent 
interventional experience a must. This is a highly 
desirable private practice with partnership poten- 
tial. Please send CV to Lee M. Katims, M.D., Dept. 
of Radiology, 21644 State Rd. 7, Boca Raton, FL 
33428. 9-11ap 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for a board-certified radiologist to join young, 
dynamic, 4-person group in the Miami area. Al 
modalities including special procedures, CT, 
nuclear medicine, and MRI. Community hospital- 
based practice with adjacent outpatient facility. 
Competitive salary and benefits with partnership 
opportunity. Location convenient to Florida Keys, 
with easy access to downtown, cultural, and 
recreational facilities. Please contact Roberto J. 
Calderon, M.D.PA,, 730 NW. 107 Ave., Ste. 108, 
Miami, FL 33172. 9-11ap 
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INTERVENTIONAL RADIOLOGIST—A tenure- 
track position at the rank of assistant professor 
to professor is available in the Dept. of Radiology 
at the University of Virginia Wealth Sciences 
Center. Salary and academic rarx commensurate 
with experience and qualifications. Minimum 
requirements include M.D. with board certification 
in radiology and competence in angiography, 
interventional raciology, and special procedures. 
Starting-date is negotiable. Please provide CV and 
names and addresses of 3 references. Contact 
Charies J. Tegtmeyer, M.D., Professor and Director, 
Division of Angiography, Interventional Radiology 
and Special Procedures, Box 770, University of 
Virginia: Health Sciences Center Charlottesville, 
VA 22908; (804) 924-9401. Equal opportunity/ 
affirmative action employer. 9-‘1a 


POSITION AVAILABLE—Two diagnostic radiolo- 
gists seek a BE/BC radiologist to join them in a 
growing practice in northeast Michigan. Our 
176-bed, regionai referral hospital serves an area 
population of &0,000-100,000. All diagnostic 
modalities with the excepticn of MRI are 
represented, Equipment includes Acuson ultra- 
sound, Siemans. Somatome CT, and dedicated 
Phillips mammography. Our lècation on Lake 
Huron offers immediate access to sailing, fishing, 
scuba diving, etc. Excellent hunting, snow- 
mobiling, and cross-country skiimg are favorite fall 
and winter activities. This is ar’ outstanding op- 
portunity for someone seeking a small town 
atmosphere, a dynamic radiolegy practice with 
early partnershio in a beautiful outdoor area. 
Please respond to Box T5, AJR {see address this 
section). 9-1ta 


DIAGNOSTIC RADIOLOGIST—State-of-the-art 
practice includes ultrasound, nuclear medicine, 
digital subtraction angiography, CT, and MRI. Ex- 
cellent practice, Excellent financial package. Send 
CV to Robert L. Dever, M.D., 14°6 Big Bend Rd., 
Poplar Bluff, MO 63901; (314) 785-0125. 9-12ap 


CHIEF, BREAST IMAGING CER TER—The Dept. 
of Diagnostic Radiology at Wiliam Beaumont 
Hospital is seeking a radiologist with mammog- 
raphy experience to head its modern breast im- 
aging center which includes breast ultrasound. 
There will be some rotation in ganeral radiology. 
Beaumont Medical Center is a $40-bed, modern, 
tertiary-care teaching hospital in southeastern 
Michigan with residency and fellowship in most 
subspecialties including radiology. Excellent 
remuneration and fringe benefits. For further 
information, write to Jalil Farah M.D., Chairman- 
Diagnostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Rd., Royal Oak, Mi 48072; 
(313) 551-6064. 9-11a 


ASSISTANT PROFESSOR OF NEURORADI- 
OLOGY-—The University of Texas Medical School 
at Houston has an opening for a neuroradiologist 
who will perform clinical neuroradiology. Can- 
didate will participate in resident and medical 
student teaching and will have the opportunity to 
do basic or clinical research. Candidates must 
have completed an approved residency in diag- 
nostic radiology and must have successfully 
completed 2 yr of a neuroradiology fellowship. 
Candidates must be board-certified by the 
American Board of Radiology er equivalent and 
must have a Texas medical license. Applicants 
should send a CV, along with the names and 
addresses of 3 references, to John H. Harris, Jr., 
M.D., D.Sc., Professor and Chairman, Dept. of 
Radiology, The University of Texas Medical 
Schoot at Houston, 6431 Fannin St., Ste. 2.132, 
Houston, TX 77030. The Unwersity of Texas 
Health Science Center at Houston is an equal op- 
portunity employer. Women and minority can- 
didates are encouraged to apply. 9-12a 


CLASSIFIED ADVERTISEMENTS 


ULTRASONOLOGIST—Board-certified radiol- 
ogist with fellowship training in ultrasound to join 
dept. in a university-affiliated hospital in western 
Pennsylvania. Position immediately available. 
The radiologists are organized as a professional 
corporation offering excellent salary and fringe 
benefits. Send inquiries and CV to Raciologist- 
in-Chief, Montefiore Hospital, 3459 Fifth Ave., 
Pittsburgh, PA 15213. 9-12ap 


IMMEDIATE OPENING, DIAGNOSTIC RADIOL- 
OGIST—Large, private practice, 3 hospitals, 
northeast Philadelphia suburbs and Trenton, NJ, 
between Philadelphia and Princeton. Two posi- 
tions to start preferably Dec. 1989 or later. Prac- 
tice requires all areas of diagnostic radiology; 
expertise in angio-interventional, MRI, cr cross- 
sectional imaging desired. Fellowship or practice 
experience preferred. Send letter and CV to S. 
Meshkov, M.D., 838 W. State St., Trenton, NJ 
08618. 9-11ap 


APPROVED “B” READER to interoret chest x- 
rays on- or off-site in central New Jersey. Contact 
Joel Namm, M.D., 838 W. State St., Trenton, NJ 
08618. 9-11ap 


IMMEDIATE OPENING IN PHILADELPHIA, PA— 
Excellent opportunity for diagnostic radiologist to 
join newly formed private group in 260-bed, south 
Philadelphia hospital. Prefer starting date Dec. 
1989: would consider later. Expertise in angio- 
interventional or cross-sectional imaging desired. 
Practice requires all areas of diagnostic radiology. 
Fellowship or practice experience preferred. Send 
letter and CV to Box T7, AJR (see address this 
section). 9-11ap 


RADIOLOGIST, IMMEDIATE OPENING—New 
York City imaging center seeks board-certified 
radiologist, specialty MRI, with experience in CT. 
General Electric equipment. Replies to Box T9, 
AJR (see address this section). 9~11ap 


MAINE—General radiologist to join busy practice 
affiliated with modern, 92-bec, acute-care hos- 
pital. Diagnostic modalities include ultrasound, 
mammography, angiography, nuclear medicine, 
and mobile CT. Beautiful 4-season recreation area 
close to skiing, hunting, and fishing. Excellent 
school system. Competitive first yr salary with 
partnership available by the second yr. For fur- 
ther information, send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473; (207) 
866-5680 or (207) 866-5658. 8-11ap 


VASCULAR/INTERVENTIONAL RADIOL- 
OGIST—The Dept. of Radiology of Emory Univer- 
sity Hospital, Atlanta, GA, has a faculty position 
available for a board-certified vascular/interven- 
tional radiologist with fellowship training. 
Academic rank depends on qualifications and ex- 
perience. A strong interest in care of patients, 
teaching, and research is required. Submit ap- 
plication and CV to Stephen L. Kaufman, M.D., 
Director of Vascular and Interventional Radiology, 
Emory University Hospital, 1364 Clifton Rd., N.E., 
Atlanta, GA 30322. Emory University is an equal 
opportunity/affirmative action employer. 8-10a. 


EUGENE, OR—BC/BE, general, and axial imag- 
ing radiologist. Group of 9 radiologists in Pacific 
Northwest seeking a new associate for a grow- 
ing radiology practice. All imaging modalities 
represented are state-of-the-art. Practice is ina 
400-bed hospital with an excellent referring staff. 
A very democratic, fair radiology group and a 
great environment to raise a family make this 
opening especially desirable. Two yr to full part- 
nership. Prepartnership compensation nego- 
tiable, commensurate with experience. Prefer 
fellowship experience in MRI, CT, or ultrasound 
with Doppler. Please send CV to L. Pau! Wilson, 
M.D., 667 E. 12th Ave., Ste. 110, Eugene, OR 
97401. 8-10ap 
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DIAGNOSTIC RADIOLOGIST, GEORGIA—-Group 
of 5 board-certified radiologists affiliated with 
300-bed, acute-care hospital in Savannah, GA, 
seeks BC/BE associate. Excellent facilities in- 
clude CT, nuclear medicine with SPECT, general 
and vascular ultrasonography, mammography, 
neuro/angio/interventional, and MAI. Practice in- 
cludes new private office, liberal benefits, and 
early partnership. Demographics include an ex- 
panding economy in an attractive community with 
outstanding recreational resources. Please include 
CV with letter of inquiry to Thomas Philbrick, M.D., 
Savannah Radiologists, P. O. Box 14444, Savan- 
nah, GA 31499. 9-11ap 


THE DEPT. OF RADIOLOGY, VIRGINIA COMMON- 
WEALTH UNIVERSITY/MEDICAL COLLEGE OF 
VIRGINIA, Richmond, VA, seeks faculty for posi- 
tions in diagnostic radiology: chest, Gl, mam- 
mography, CT/ultrasound/MRI, neuroradiology, 
pediatrics, ER, angio/interventioral, and general 
radiology. Our 1058-bed facility (205 for pediatric 
patients) is a Level 1 trauma center. ABR certifica- 
tion of eligibility required. Academic rank and 
salary commensurate with experience. Submit CV 
to A. V. Proto, M.D., Diagnostic Radiology, Medical 
College of Virginia, MCV Box 47. Richmond, VA 
23298-0047. VCU/MCV is an equal opportunity/ 
affirmative action employer. Women and minori- 
ties are encouraged to apply. 9-12a 


DIAGNOSTIC RADIOLOGIST, NORTHEASTERN 
PENNSYLVANIA—Opportunity available for board- 
certified/eligible general radiologist with experi- 
ence in MRI, ultrasound, CT scanning, nuclear 
medicine, and mammography in a 130-bed, com- 
munity hospital located in the pleasant Pocono 
Mountain Resort region of northeast Pennsyl- 
vania. Competitive salary and early partnership. 
The area offers outstanding recreational oppor- 
tunities and is within a reasonable distance of 
New York and Philadelphia. Contact Fred C. Van 
Natta, M.D., Dept. of Radiology, Wayne County 
Memorial Hospital, Honesdale, PA 18431. 9~10a 


THE OREGON HEALTH SCIENCES UNIVER- 
SITY, Dept. of Radiology, Portland, OR, invites 
applications for faculty positions in MRI, neuro- 
radiology, general radiology, skeletal radiology, 
vascular and interventional radiology, GU 
radiology, pediatric radiology, computed body 
tomography, and ultrasound. A second Ph.D. 
NMR scientist also is being sought. The Oregon 
Health Sciences University is an affirmative ac- 
tion, equal opportunity employer. Send CV to 
Richard W. Katzberg, M.D., Chairman of Diag- 
nostic Radiology, L340, The Oregon Health 
Sciences University, 3181 SW. Sam Jackson Park 
Rd., Portland, OR 97201-3098. 5-4ap 


NEW HAMPSHIRE—Excellent opportunity for 
young, BC/BE, general radiologist with MRI ex- 
perience to join well-established, busy, small 
group. Live and work in beautiful Connecticut 
Valley Region close to lakes and skiing. Com- 
petitive compensation package leading to part- 
nership. Please send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473; (207) 
866-5680 or (207) 866-5685. 8-10ap 


RADIOLOGIST—Expanding radiology practice 
has an opening for a radiologist with fellowship 
or postgraduate experience in interventional radi- 
ology. Exceptional general radiology talents also 
needed. Special competency in nuclear medicine 
and MRI a plus, but not mandatory. Practice is 
located in Albuquerque, NM and consists of 13 
physicians serving 3 major hospital facilities and 
a separate MRI center. Climate and living condi- 
tions are outstanding. Qualified applicants may 
send CV and references to Radiology Associates 
of Albuquerque, PA., 4001 indian School Rd., 
N.E., Ste. 300, Albuquerque, NM 87110, Attn: J. 
R. Ellison, Business Manager. 8-10ap 
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INTERVENTIONAL/DIAGNOSTIC RADIOL- 
OGIST—Immediate opening for a board-certified 
diagnostic radiologist in Providence, RI. Weil- 
established private practice of 5 radiologists en- 
compassing a tertiary-care hospital and 1 private 
office. Interventional fellowship, interest in general 
diagnostic radiology, and teaching skills required. 
Address CV and inquiries to Allan M. Deutsch, 
M.D., Director, Dept. of Radiology, Miriam 
Hospital, 164 Summit Ave., Providence, RI 02906: 
(401) 274-3700, ext. 4408. 8-10ap 


ULTRASOUND STAFF RADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The 
Dept. of Radiology at Thomas Jefferson Univer- 
sity Hospital in Philadelphia has an immediate 
faculty opening in its Division of Diagnostic Ultra- 
sound. This is an exciting opportunity for a per- 
son with combined clinical, research, and teach- 
ing interests. Our ultrasound division is 1 of the 
largest and best-equipped in the world, with 
responsibility for the full range of ultrasound 
exams, including obstetrical, vascular, endorec- 
tal and endovaginal, interventional, Doppler, 
operative, and gallstone and kidney stone litho- 
tripsy. Excellent salary and benefits are provided. 
Interested applicants should contact Barry 
Goldberg, M.D., Director of Diagnostic Ultra- 
sound, or David Levin, M.D., Chairman, Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107. Thomas Jefferson Uni- 
versity is an equal opportunity/affirmative action 
employer. 8-1ap 


ALEXANDRIA, VA GROUP seeks BC associate 
for hospital/office practice. Candidate should 
have expertise in all areas of noninterventional 
radiology including nuclear medicine and MR. 
Present 8-person group staffs 400-bed hospital, 
MR center, and active offices. Submit CV to 
William V. Hindle, M.D., Chairman, Dept. of Radi- 
ology, Alexandria Hospital, 4320 Seminary Rd., 
Alexandria, VA 22304. 8-10ap 


DIAGNOSTIC RADIOLOGIST—Two positions: 1 
full-time leading to early partnership; 1 full-time 
Salary for 1 yr. We are a private practice group 
of 7 full- and 2 part-time board-certified radiolo- 
gists, all with prior fellowship and/or faculty status, 
practicing general radiology with specialty in- 
terests accommodating all diagnostic and inter- 
ventional modalities, including MRI. Our 350-bed 
hospital is a primary teaching affiliate of Univer- 
sity of Massachusetts Medical School with year- 
round medical students and house staff in several 
dept. The Berkshire Mountains are a desirable 
summer, winter, and fall foliage resort communi- 
ty, less than 3 hr drive to all major northeastern 
cities. Quality of our practice, hospital, affiliated 
office, and style of life are superior. Please res- 
pond with CV to Stuart Masters, M.D., Chairman, 
Dept. of Radiology, Berkshire Medical Center, 725 
North St., Pittsfield, MA 01201. 8-11ap 


DIAGNOSTIC RADIOLOGIST sought to join a 
fee-for-service group practice in a 458-bed Bronx 
hospital. Board certification with expertise in ultra- 
sound, MRI, CT, special procedures, and general 
diagnostic radiology preferred. Send CV to St. 
Barnabas Radiological Associates, P. O. Box 
4332, Great Neck, NY 11027, or call M. Gade, 
M.D.; (212) 960-6171. 8-1ap 


SAN FRANCISCO BAY AREA, DIAGNOSTIC 
RADIOLOGY—Full-time position available as of 
July 1989 for BC/BE radiologist to join established 
group based in growing SF Bay area communities. 
Competence in all modalities including MRI and 
angiography required; fellowship training desir- 
able. Contact J. Fish, M.D., c/o Walnut Creek 
Radiology, 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596; (415) 947-0560. 10-12xa 


CLASSIFIED ADVERTISEMENTS 


ON JULY 1, 1990 THE FACULTY OF THE 
UNIVERSITY OF TEXAS MEDICAL SCHOOL AT 
HOUSTON will assume clinical practice, teaching, 
and research at the Lyndon Baines Johnson (LBJ) 
General Hospital, newly constructed by the Har- 
tis County Hospital District, in Houston, TX. LBJ 
General will be a principal medical student 
teaching affiliation of the UTMSH, is certified for 
307 beds, and is projected to perform approx- 
imately 130,000 imaging procedures the first yr. 
The Dept. of Radiology at LBJ is fully-equipped 
with new state-of-the-art GE equipment, including 
a 9800 Quick CT scanner with 3-D software and 
an LU angiographic unit, comparable routine, R 
and F, ultrasound, and nuclear equipment. Full- 
time UTMSH faculty positions exist for 5 associate 
professors and 10 assistant professors with 
clinical, teaching, and research interests in all 
aspects of diagnostic imaging. Compensation, 
based upon the most recent AAMC survey, will 
be commensurate with training and experience. 
Candidates must be diplomates of the American 
Board of Radiology or its equivalent, and must 
have a Texas medical license. Applicants are re- 
quested to send their CV to John H. Harris, Jr., 
M.D., D. Sc., Professor and John S. Dunn, M.D., 
Chairman, Dept. of Radiology, the University of 
Texas Medical School at Houston, 6431 Fannin, 
Ste. 2.132, Houston, TX 77030. The University of 
Texas Health Science Center at Houston is an 
equal opportunity employer. Women and 
minorities are encouraged to apply. 8-11a 


RADIOLOGIST—The Elko Regional Medical 
Center seeks a BC/BE general diagnostic radi- 
ologist to work at the medical center as well as 
the local community hospital. CT, mammography 
ultrasound, nuclear medicine, and some interven- 
tional training or experience required. Guaranteed 
Salarary for 6 mo leading to full partnership. Ex- 
cellent benefits package including malpractice in- 
surance. Eiko is a thriving community surrounded 
by mountains and wilderness areas. Recreation 
yr round. Please send CV to Cherie Atwood, Ad- 
ministrator, Elko Regional Medical Center, 762 
14th St., Elko, NV 89801; (702) 738-3111. 10-12ap 


TWO RADIOLOGISTS, BC/BE to join 2 others 
in N.E. Florida location of St. Augustine. Two 
hospitals, imaging center, and mobile MRI. Ex- 
cellent salary in lovely beach community. Send 
CV to Dr. Lewis or Dr. Mendenhall, St. Augustine 
General Hospital, U.S. 1 South, Box 2208, St. 
Augustine, FL 32085; (904) 824-8431. 7-10ap 


TEXAS, DIAGNOSTIC RADIOLOGIST—Three 
board-certified radiologists seek compatible 
associate for growing group practice in attractive 
N.E. Texas community. Excellent health resources. 
Modalities include MRI and angiography. Com- 
fortable call arrangement; good salary and 
benefits. Early partnership. Area has strong, diver- 
sified economy, excellent schools, and many 
social and recreational opportunities. Enjoy great 
location, weather, and people. Extraordinary op- 
portunity! Please send CV in confidence, or call 
Vicki Truitt, Physician Resource Network, P O. 
Box 37102, Fort Worth, TX 76117; (817) 595-1128. 
7-10ap 


RADIOLOGIST—Board-certified/eligible radiologist 
wanted to join 3 board-certified radiologists in 
busy, university-affiliated, community hospital 
near Boston. Area offers many educational and 
recreational opportunities. We seek a general 
radiologist with demonstrated ability in mammog- 
raphy, angio/interventional, ultrasound, and CT. 
MR experience a plus. Liberal benefits, vacation, 
and educational leave. Competitive salary leading 
to full partnership in professional corporation. 
Address inquiries to Steven Sitzman, M.D., The 
Malden Hospital, One Hospital Rd., Malden, MA 
02148; (617) 322-7560, ext. 5164. 7-10ap 
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DIAGNOSTIC RADIOLOGIST—Radiologists seek 
board-certified radiologist with experience in CT, 
nuclear medicine, general radiology, and ultra- 
sound including Doppler, for a hospital-based, 
private practice in 225-bed general hospital in 
Forest Hills, NY. MRI pending. Immediate open- 
ing leading to partnership. Contact M. Tartell, 
M.D; (718) 544-5858. 9-10ap 


NEURORADIOLOGIST—The University of Texas 
Heaith Science Center at San Antonio is seeking 
a qualified academic neuroradiologist to fill an im- 
mediate opening. Send cover letter and CV to 
John R. Jinkins, M.D., Director of Neuroradiology, 
University of Texas Health Science Center, 7703 
Floyd Curl Dr, San Antonio, TX 78284-7800. 
6-1lap 


BREAST IMAGING RADIOLOGIST, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia has an immediate open- 
ing in a faculty position with emphasis on mam- 
mography and breast ultrasound. Some work in 
the general diagnostic division also is included. 
Jefferson has a large new Breast Imaging Center 
currently averaging about 85 studies/day, as well 
as active research and teaching programs. Excel- 
lent salary and benefits are offered. Contact either 
Stephen A. Feig, M.D., Director of Breast Imaging, 
or David C. Levin, M.D., Professor and Chairman, 
Dept. of Radiology, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107. Thomas Jeffer- 
son University is an equal opportunity/affirmative 
action employer. 6-11ap 


PEDIATRIC RADIOLOGIST—Vacancies are avail- 
able in various parts of the Pediatric Radiology 
Dept. at The Hospital for Sick Children, Toronto. 
The hospital is a 560-bed, tertiary-care, pediatric 
center situated in downtown Toronto and affiliated 
with the University of Toronto. 100,000 exams are 
performed each yr, and the staff includes 17 full- 
time pediatric radiologists and 7 fellows. Positions 
are available in general pediatric radiology areas 
as well as in more specialized areas such as neu- 
roradiology. The dept. is equipped with state-of- 
the-art equipment. Applicants must have pediatric 
radiology experience, including 1- and preferably 
2-yr fellowship, and staff radiologists with greater 
experience are certainly most welcome. For fur- 
ther information, please contact A. Daneman, 
M.D., Radiologist-in-Chief, Dept. of Radiology, 
The Hospital for Sick Children, 555 University 
Ave., Toronto, Ontario, M5G 1X8, Canada; 
(416) 598-6026. 9-12a 


ATLANTA, GA—One radiology position. The 
Southeast Permanente Medical Group, inc., 
Georgia Region, is seeking an additional radi- 
ologist for a growing radiology dept. serving 
severai medical centers throughout the Atlanta 
area. Interested and qualified candidates must be 
board-certified in radiology with expertise in 
general radiology to include CT, ultrasound, and 
mammography. Address inquiries and CVs to Alex 
Daley, M.D., Chief of Radiology, c/o The South- 
east Permanente Medical Group, Inc., 3355 Lenox 
Rd., Ste. 1000, Atlanta, GA 30326; (404) 233-0555, 
ext. 192. 5~10ap 


DIAGNOSTIC RADIOLOGIST—Combined 
hospital/office position available at a large, 
tertiary-care hospital in Phoenix, AZ. The radiol- 
ogy grcup seeks a new associate who is board- 
certified, and preferably has had an imaging fel- 
lowship and/or academic experience. Competitive 
salary and benefits leading to partnership offered. 
Please call Theodore Ditchek, M.D., or Aubrey 
Paiestrant, M.D.; (602) 239-4601 or write c/o Dept. 
of Radiology, Good Samaritan Regional Medical 
Center, 1111 E. McDowell Rd., Phoenix, AZ 85006. 
8-12ap 
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POSITION OPEN IMMEDIATELY—Forty-physician 
multispeciailty clinic, serving central and western 
Kansas, is seeking a board-eligible/certified 
radiologist. Excellent facilities include diagnostic 
radiology, CT, diagnostic ultrasound, nuclear med- 
icine, and mobiie MR services. An excellent 
Opportunity in a dynamic practice setting. Please 
send CV to Administrator, Hutchinson Clinic, 
2101 N. Waldron, Hutchinson, KS 67502; 
(316) 663-6121. 6-12ap 


Positions Desired 


SEEKING FELLOWSHIP in angiography and 
interventional radiology. 43-yr-old, university- 
trained diagnostic radiologist with 10-yr ex- 
perience in angiography and interventional pro- 
cedures. Please respond to Box U42, AJR (see 
address this section). 10-11bp 


BC RADIOLOGIST, UNIVERSITY-TRAINED IN 
MRI—Experienced diagnostic radiologist (all 
modalities) with administrative and organizational 
experience, and } yr university training in MRI, 
is interested in a private/academic practice with 
primary MRECT responsibility in a quality medical 
community. Prefer Southern California but will 
consider all oppoatunities. Reply to Box U46, AJR 
(see address this section). 10bp 


Fellowships and Residencies 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—July 1, 1991 to June 30, 1992, at the 
New York Hospital/Cornell Medical Center. Dept. 
provides state-o/-the-art equipment, including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
1.5-T MR. Wide variety of ultrasound exams 
include abdominal. OB-GYN, color Doppler, small 
parts, neonatal head, transvaginal, and transrec- 
tal. Applicants sheuld be ABR eligible or certified. 
Send CV to Elias Kazam, M.D., Dept. of Radiol- 
ogy, The New ‘York Hospital/Cornell Medical 
Center, 525 E. 68th St., New York, NY 10021. 
10-12¢p 


NEURORADIOLOGY FELLOWSHIP, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL—An 
unexpected opening for a neuroradiology fellow 
is available in the Dept. of Radiology at Thomas 
Jefferson University Hospital, beginning July 
1990. The Division of Neuroradiology has close 
clinical and research relationships with Jeffer- 
son's very active neurology, neurosurgery, 
orthopedic surgery, and otolaryngology depts. 
Complete training in ENT radiology is part of this 
program. Five full-time faculty members currently 
staff this division. Clinical facilities include 2 
dedicated CT scanners, a myelography room, a 
biplane angiography room with DSA, and a GE 
1.5-T MRI unit. Two more MRI units will be opera- 
tional by the suramer of 1990. Contact Carlos 
Gonzalez, M.D., Director of Neuroradiology, 1009 
Main Bidg., Thomas Jefferson University Hospi- 
tal, Philadelphia, PA 19107; (215) 928-5447. Jef- 
ferson is an affirmative action/equal opportunity 
employer, 1xc 


MRI FELLOWSHIP AT THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—A new MAI fellowship 
position has beer created in the Dept. of Radi- 
ology of Thomas. Jefferson University Hospital, 
Philadelphia, This 1-yr position encompasses a 
full range of clinical and research activities. The 
MRI division includes 6 staff physicians, 2 MRI 
physicists, and 3 Signa systems (1.5 T). The posi- 
tion is available as of Jan. 1990, but applications 
will also be taker for the academic year begin- 
ning July 1990. Send inquiries to Matthew Rifkin, 
M.D., Dept, of Radiology, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, PA 19107. Jefferson 
is an equal opportunity/affirmative action 
employer, 9~Go 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP IN MUSCULOSKELETAL 
RADIOLOGY—The Emory University, School of 
Medicine, Dept. of Radiology, offers a 1-yr fellow- 
ship in musculoskeletal radiology starting July 1, 
1990. Clinical activities include MRI, CT, needle 
biopsies, arthrography, and QCT. The musculo- 
skeletal section is staffed by 3 full-time radiolo- 
gists. Experience includes a wide range of 
musculoskeletal disease and trauma through a 
600-bed university hospital, a 1000-bec county 
hospital, a 160-bed pediatric hospital, and 2 out- 
patient clinics. Candidates should be eligible for 
Georgia medical licensure. Contact Terry M. 
Hudson, M.D., Dept. of Radiology, Emory Univer- 
sity School of Medicine, Atlanta, GA 30322: 
(404) 248-4354. Emory University is an equal 
opportunity/affirmative action employer. 10-12c 


UNIVERSITY OF MASSACHUSETTS MEDICAL 
CENTER, Dept. of Radiology, has an opening for 
a 1-yr vascular/interventional radiology fellowship 
beginning July 1, 1990. The Medical Center is a 
major trauma center with approximately 360 beds. 
It is located 40 mi. west of Boston, in central 
Massachusetts. The clinical service is very active. 
An average of 650 vascular/interventional pro- 
cedures are performed during an academic yr. 
Facilities include 2 dedicated vascuiar/interven- 
tional radiology suites with Siemens and Toshiba 
equipment. Both conventional and digital subtrac- 
tion imaging capabilities are present. The staff 
consists of 2 fellowship-trained, cardiovascular/ 
interventional radiologists. Numerous radiologi- 
cal, clinical, and basic science conferences are 
scheduled on a daily basis, and there is ample 
time during the course of the yr to attend many 
of these presentations. A 1-mo rotation on ultra- 
sound and/or body CT is also available. The 
fellowship position carries the title of instructor of 
radiology. For further information, contact David 
A. Phillips, M.D., Associate Professor, Director 
Vascular and Interventional Radiology, UMMC, 
55 Lake Ave. N., Worcester, MA 01655; 
(508) 856-5740. An equal opportunity employer. 
10c 


FELLOWSHIPS IN NEURORADIOLOGY—The 
Dept. of Radiology at The University of Texas 
Medical School at Houston has openings for 1- 
and 2-yr fellowships to begin in July 1990 and July 
1991 in neuroradiology. Under faculty supervision, 
candidates will be responsible for neuroradiologic 
exams and procedures (i.e., angiograms, myelo- 
grams, CT and MR imaging, and in vivo spectro- 
scopy). The candidate will participate in teaching 
at the medical student and resident levels and will 
conduct basic or clinical research. Candidate 
must be a graduate of an approved U.S. medical 
school or its equivalent, must have completed an 
approved residency in diagnostic radiology, must 
be a diplomate of the American Board of Radi- 
ology, and must have a Texas medical license. 
Please submit CV, along with the names and ad- 
dresses of 3 references to John H. Harris, Jr, 
M.D.. Dept. of Radiology, The University of 
Texas Medical School at Houston, 6431 Fannin, 
Ste. 2.132, Houston. TX 77030. The University of 
Texas Health Science Center at Houston is an 
equal opportunity employer. Women and minori- 
ties are encouraged to apply. 9-12c 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY—Two-yr fellowship starting July 1, 
1990. Peripheral and coronary angiography, 
cardiac catheterization, digital vascular imaging, 
all types of interventional procedures, noninvasive 
vascular techniques, and cardiovascular MRI. 
Research time available for participation in orig- 
inal or ongoing clinical and/or laboratory projects. 
Contact Donaid P. Harrington, M.D.. Dept. of 
Radiology, Harvard Medical School, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 
02115. 9-10 
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RADIOLOGY RESIDENCY IN SAN FRANCISCO 
BAY AREA—Unexpected, immediate opening 
available at 2nd, 3rd, or 4th yr level. Please send 
CV to Edward A. Lebowitz, M.D., Dept. of Diag- 
nostic Radiology, Santa Clara Valley Medical 
Center, 751 S. Bascome Ave., San Jose, CA 95128; 
(408) 299-6370. 9-10cp 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers 6 different fellowship programs 
each yr: ultrasound/CT/MAI - contact Barry 
Goldberg, M.D.; cardiovascular/ivterventional - 
contact Geoffrey Gardiner, Jr, M.D.; neuroradi- 
ology/ENT - contact Carlos Gonzalez, M.D.; chest/ 
breast imaging - contact Robert Steiner, M.D. or 
Stephen Feig, M.D.; MRI - contact Matthew Rifkin, 
M.D.; and musculoskeletal (includ ng MRI) - con- 
tact David Karasick, M.D. We have a large and 
well-equipped dept. performing 180,000 exams/yr. 
Our ultrasound division occupies a spacious new 
facility and provides training in all phases of ultra- 
sound, including obstetrical, vascular, lithotripsy, 
and endoluminal. The dept. has 3 modern CT 
scanners and operates 3 GE 1.5-T MRI units also. 
The interventional radiology divisicn recently has 
opened an entirely new angio suite housing state- 
of-the-art Philips units with DSA. This division 
performs the full range of both vascular and 
nonvascular interventional procedures. The 
neuroradiology division is housed in a neuro- 
sciences imaging center containing all imaging 
modalities in a single comprehensive facility. 
A large new breast imaging center now operates 
5 mammography units and performs breast ultra- 
sound studies also. All program cirectors listed 
above can be contacted at the Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equa! opportunity/ 
affirmative action employer. 9xc 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—Available July 1, 1990. A 
1-yr fellowship program is available at the Lehigh 
Valley Hospital Center in Allentown, PA, a 
492-bed, acute-care facility with Level | Trauma 
Center designation. The fellowship program of- 
fers training in CT (head and body), ultrasound, 
angiography (neuro and visceral), and interven- 
tional radiography. MRI experience also is avail- 
able. For further information, contact Robert 
Kricun, M.D., Dept. of Radiology, Lehigh Valley 
Hospital Center, P O. Box 689, Allentown, PA 
18105. 10cp. 


FELLOWSHIPS IN ABDOMINAL IMAGING—The 
Dept. of Radiology at The University of Texas 
Medical School at Houston has openings for 
2 fellowships to begin in July 1991 in abdominal 
imaging. Under faculty direction and supervision, 
candidates will further their training in the specialty 
of abdominal imaging including CT, ultrasound, 
and MRI through 4-mo rotations in each service. 
Candidates will participate in teaching in each 
section at the medical student and resident levels, 
will have the opportunity to conduct basic or 
clinical research, and will be expected to prepare 
and submit at least 1 scientific article to an ap- 
propriate refereed journal. Candidate must be a 
graduate of an approved U.S. medical school or 
its equivalent, must have completed an approved 
residency in diagnostic radiology, must be a 
diplomate of the American Board of Radiology. 
and must have a Texas medical license. Please 
submit CV, along with the names and addresses 
of 3 references to John H. Harris, Jr, M.D., Dept. 
of Radiology, The University of Texas Medicai 
Schoo! at Houston, 6431 Fannin, Ste. 2.132, 
Houston, TX 77030. The University of Texas 
Health Science Center at Houston is an equal 
opportunity employer. Women and minorities are 
encouraged to apply. 9-12c 
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FELLOWSHIP POSITIONS—Applications are in- 
vited now for July 1991. Positions are available in 
neuroradiology, vascular/interventional radiology, 
and body imaging (CT/ultrasound/MAI). For infor- 
mation, contact James R. Schmidgall, M.D. or 
Richard W. Katzberg, M.D., Chairman, Dept. of 
Radiology, L-340, Oregon Health Sciences Uni- 
versity, 3181 S. W. Sam Jackson Park Rd., 
Portland, OR 97201. 7~6c 


CLASSIFIED ADVERTISEMENTS 


Other 


EIGHTH WINTER CONGRESS: DAVOS, SWIT- 
ZERLAND—March 10-17, 1990. Category | 
accreditation; international faculty. MRI, CT, ultra- 
sound, and interventional. For information, 
contact Medical Seminars, 9800 D Topanga 
Canyon Biva., Ste. 232, Chatsworth, CA 91311; 
(818) 700-9821. 10-2e 
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Beyond Imaging 


Beyond each imaging modality and support service A time for professional enrichment. The exchange of 
we of er there is a commitment to be in touch with the ideas. A welcome chance to learn more about your 
state of your art.. and with you, the professionals requirements for tomorrow. And the opporturity to 
who practice it. show you the technological advancements and 
Once a year the RSNA gives us that opportunity. services we have today. 


sed tomography © PACS e Lithotripsy ® Linear accelerators e Magnetic resonance * Therapy planning + Mobile image intensifier + Diagnostic 
oend + Xray marsmography * R/F systems e Data management + Education programs + Digital imaging * Therapy simulator ¢ Uro-radiology * Mobile 
MA s huclear medicine « Site planning + Service plans + Mobile CT è Cardiovascular imaging ¢ Financial services * Mobile Xray Ħ Preventive naintenance 
* Specal procedures * Health physics ¢ Diagnostic imaging centers ¢ In-service education ¢ Positron emission tomography ¢ Bone mineral densitometry 


MAGIBOO-236 3516 





























_ Youme 53) 





american vou 





- 4989 ARRS AWARD PAPERS 


687 President’s award. The validity and utility of sonogra- 


phy in the diagnosis of appendicitis in the commu- 

nity setting. Larson JM, Peirce JC, Ellinger DM, et al. 

693 Executive council award. Exercise-enhanced MR im- 

aging of variations in forearm muscle anatomy and 

use: importance in MR spectroscopy. Fleckenstein 

JL, Bertocci LA, Nunnally RL, Parkey RW, Peshock RM 
PROGRESS IN RADIOLOGY 


699 High-resolution carotid sonography: past, present, 
and future. O'Leary DH, Polak JF 
705 Sonography of the male genital tract: Benson CB, _Dou- 
bilet PM, Richie JP 
CARDIOPULMONARY RADIOLOGY 


715 Serial assessment of myocardial infarction by using 
gated MR imaging and Gd-DTPA. Nishimura T, Ko- 
bayashi H, Ohara Y, et al. 

721 Cine MR imaging in mitral regurgitation: comparison 
with color Doppler flow imaging. Nishimura T, 
Yamada N, Itoh A, Miyatake K 

725 Case report. Diagnosis of a myocardial lipoma by 
using CT. Conces DJ Jr, Vix VA, Tarver RD 

727 Chronic eosinophilic pneumonia: CT findings in six 
cases. Mayo JR, Müller NL, Road J, Sisler J, Lillington G 


GASTROINTESTINAL RADIOLOGY 


731 Gastric fluid detected by sonography in fasting pa- 
tients: relation to duodenal ulcer disease and gastric- 
outlet obstruction. Smithuis RHM, Op den Orth JO 

735 Positive predictive value and posttest probability of 
diagnosis of colonic polyp on single- and doubie- 
contrast barium enema. Ott DJ, Scharling ES, Chen 
YM, Gelfand DW, Wu WC 

741 Primary malignant tumors in the small bowel: a com- 
parison of the small-bowel enema and conventional 
follow-through examination. Bessette JR, Maglinte 
DDT, Kelvin FM, Chernish SM 

745 Case report. Typhoid fever: diagnosis by using so- 
nography. Puylaert JBCM, Kristjansdéttir S, Golterman 
KL, de Jong GM, Knecht NM 

747 Localized clotted blood as evidence of visceral 
trauma on CT: the sentinel clot sign. Orwig D, Fed- 
erle MP 

751 Arterial perfusion abnormalities of the liver after hepa- 
tic arterial infusion chemotherapy and their correla- 
tion with changes in the metastases: evaluation with 
CT and angiography. Roth J, Wallner B, Safi F 


755 MR angiography and dynamic flow evaluation of the - 


portal venous system. Edelman RR, Zhao B, Liu C, et 
al. 
761 Case report. Idiopathic cecal ulcer: CT findings. Marn 
CS, Yu B-FB, Nostrant TT, Ellis JH 
GENITOURINARY RADIOLOGY 
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